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Create the Opportunity 


HE man who “makes good” usually has to 
create his own opportunity. 


O 0 O 


We often hear it said: “Wait until the oppor- 
tunity offers itself.” Many men are still waiting. 
Many men will be waiting when they are old and 
gray. 


We might as well say to a salesman: ‘“‘Wait 
until business offers itself! Wait until business 
comes to you!”’ 


The successful salesman is he who creates his 
own business; his own opportunity, in other words. 
He is the man who uses his head, and gets all there 
is out of his own faculties, education and energy. 


In a like manner the successful engineer or the 
successful man in any other job is he who creates 
his own opportunity—make yourself so valuable 
to your employer that he cannot do without you. 


When this point is reached you are on the road 
to advancement and success. 


A man may arrive at his work before the whistle 
blows in the morning—he may not leave until 
after it blows at night. 


Yet—he does not earn his salary if his mind is 
not on his job. And even if opportunity does 
knock at his door he will be asleep and it will pass 
on to the next fellow. But, you are as good as 
the next fellow if you only realize it. 
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Wake up! 
a little bigger than your job! 


Put your mind to your work! 


Think! Be 


Create an opportunity! 


You can do it-—and the future will be bright and rosy. 


[Written by K.B. Lamb, New York City. 
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Kalamazoo 


By Tuomas WILSON 


SYNOPSIS—Modern 1200-kw. plant, arranged 
on the unit plan, supplies current for street light- 
ing and eventually will enter the commercial field. 
Cost of installation and operating expense. A 
feature is a provision to utilize auxiliary exhaust. 
steam in the lower stages of the turbines. 


_ Since 1895 Kalamazoo, Mich., has had a municipal 
plant for street lighting. Arce generators supplied 
about 400 lamps operated on a moonlight schedule. 
With. the growth of the city, which now has a popula- 
tion of about 45,000, the service became inadequate, 
and after 17 years of use, both machinery and lamps 
were out of date and inefficient. Late in 1912 
the city issued bonds to build a new plant, to re- 
habilitate the arc system and, in the downtown dis- 
trict, to install an ornamental system of stand- 
ard five-light units. During the year 1913 the 
plant was erected and in February, 1914, operation be- 
gan. The service is from dusk to dawn every night 
and the average daily period of operation is 12 hours. 

The plant is near the 
Kalamazoo River, so that 
an abundant supply of 
cooling water is available 
for the condensers. As boil- 
er feed it is used only 
when the city supply fails, 
as the river water is mud- 
dy and contains acid from 
the discharge of paper 
mills. A spur from the 


Michigan Central R.R. enters the property to facilitate 
coal delivery. 

The exterior of the building (Fig. 1), which rests on 
concrete foundations, is built of brick supported by stee| 
framework and is covered by a flat concrete roof. Its 
present dimensions are 52x100 ft. and one end is sealed 
with sheet iron, so that an extension may be easily 
made to house the additional equipment necessary when 
funds are available to enter the commercial field. Pro- 
vision has also been made for overhead coal bunkers, 
special coal- and ash-handling systems and a traveling 
crane in the turbine room. These improvements are 
indicated in dotted lines in Fig. 5. They will be in- 
stalled at a future period. 

The plan and sectional elevation, Figs. 5 and 6, show 
that the layout has been arranged on the unit system. 
Each boiler connects directly with a turbine, althoug! 
for protection against shutdown the steam-supply pipes 
are cross-connected. There is a feed pump for eacl 
boiler and a concrete stack serving both units. The 
present equipment consists of two boilers rated at 310 
hp. each and two 600-kw. 
turbo-generators with their 
condensers and auxiliary 
equipment. For each kilo- 
watt of turbine there is 
0.52 boiler horsepower. At 
rating each turbine alone 
calls for 9720 lb. of steam 
per hour. The steam is 
supplied at 200 Ib. gage 
pressure and an average 


Fig. 1. Exrertor or KALAMAzoo Municipat Puant. Fic. 2. Tue Two 600-Kw. GeneraTING UNITS 
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superheat of 150 deg. The cost of the installation is 
given in Table 1: 
TABLE 1—COST OF STATION 


Building, site. and engineering fees $40,384 


The various items include all labor and installation 
charges, but the amount charged for equipment does not 
take into account the cost of rectifiers, lamps, or other 
apparatus belonging to the lighting system proper. Omit- 
ting the building and engineering fees, the cost per kilo- 
watt reduces to $46. At present the building item is 
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Fig. 3. VerticaAL BoILERS AND UNDER- 
FEED STOKERS 


top-heavy, but the additional capacity soon to be installed 
will reduce the unit cost considerably. 


Botter Room 


Vertical water-tube boilers were selected. Each has 
5089 sq.ft. of heating surface and 104 sq.ft. in the super- 
heater. As shown in Fig. 3, underfeed stokers serve the 
hoilers and forced draft is supplied by a 110-in., three- 
(uarter-housed steel-plate fan driven by either one of two 
vertical engines, one on each side of the fan. The speed of 
\liese engines, and consequently the draft, is controlled in- 
directly by the steam pressure through automatic regu- 
lators. The stack rises 145 ft. above the boiler-room floor. 
The inside diameter at the bottom is 8 ft. and a taper of 
| in. to every 5 ft. reduces it at the top to 5 ft. 6 in. 

At present the coal is stored in a temporary shed. It 
is loaded into a car which passes over a platform scale on 
its way to the stokers. The ashes are wheeled out and 
disposed of on the premises. Much better facilities have 
been provided for the ultimate construction. The plant 


is to have a wet coal storage into which the coal will be 
dumped from railroad cars. A gantry crane with a 
grab bucket will pick up the coal and deliver it through 
the roof into overhead coal bunkers, each having a ca- 
pacity of 85 tons. Automatic scales and a chute to each 
stoker hopper will complete the equipment. Ashes will 
be discharged into a hopper underneath the boiler-room 
floor thence into an ash ear. The latter will be 
wheeled to the end of the building, raised by a hydraulic 
hoist to the first floor and its contents will be delivered 
to a section of the coal-storage pit reserved for the pur- 
pose. The crane can then be used to load the ash into 
the cars which deliver the coal. 


Fic. 4. CoNDENSER AUXILIARIES IN THE Con- 
“ENSER Pit 


West Virginia slack averaging about 13,000 B.t.u. per 
lb. is the fuel burned, It is bought on the B.t.u. basis 
established by the Bureau of Mines and the cost is close to 
$2.70 per short ton. 

GENERATING UNits 

Horizontal four-stage turbines of the velocity type drive 
three-phase, four-wire generators at a speed of 3600 r.p.m. 
(Fig. 2). Sixty-cycle current is supplied at a. voltage of 
2300 or 4000, and the rating of the turbines at 80 per 
cent. power factor is 600 kw. 

The steam-supply pipes to the turbines are 5-in, di- 
ameter, and with a rate of 16.2 Ib. per kw.-hr. at normal 
load, 9720 Ib. of steam per hr., or 162 Ib. per min., must 
flow to the turbine. At 200 lb. gage pressure and 150 
deg. superheat, the volume of this amount of steam is 
434.16 eu.ft. The velocity of the steam in the supply 
pipe is then 

434.16 —- 0.1389 = 3126 ft. 
or, in round numbers, 3100 ft. per min, For a turbine 


Cost per kilowatt of turbine capacity, $79.64. } d 
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this velocity is low. A supply velocity of 8000 ft. per 
min. is not uncommon in the present-day practice. A 
smaller supply pipe could have been used, but in the pres- 
ent case the saving in first cost would have been negligible. 
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a 16-hp. turbine at 4000 r.p.m. and a %-in. circulatin» 
pump capable of delivering 1200 gal. per min. The 
latter is driven by a 25-hp., 440-volt motor which receives 
its current from the generator leads through a step-down 


Each turbine is served by a three-pass surface condenser 


having 1600 sq.ft. of surface. This is an allowance of 


transformer. 
starting and to insure the presence of cooling water as 


This 


connection 


was made to facilitate 
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Fie. 6. PLan 


234 sq.ft. of surface per kilowatt of turbine rating. At 
28-in. vacuum and with 75-deg. cooling water, the con- 
denser is guaranteed to care for 8500 Ib. of steam per 
hr. This reduces to 5.3 1b. of steam per sq.ft. of con- 
densing surface. The auxiliaries (Fig. +) are a combined 
air and condensate pump of the radial jet type driven by 


OF THE STATION 


soon as the main unit is put into operation. It was 
thought that one steam and one electrically driven auxil- 
iary would make a more flexible outfit than two similar 
units. From the feed punips, stokers, fan engines and 
the turbines operating the air pumps there would be 
more than enough exhaust steam to heat the feed water, 
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and turbine-driven circulating pumps would only increase 
the surplus. 


TURNING EXHAUST STEAM INTO TURBINES 


To utilize the exhaust steam from the sources just men- 
tioned to best advantage, the ingenious plan shown in 
Fig. 7 has been adopted. Each of the steam-using auxil- 
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Fig. 7 Preine vor Urinizing Exuaust STEAM 


iaries discharges into a common exhaust system which en- 
ters the feed-water heater and is also tapped into the 
fourth stages of the main turbines. Ts the latter auto- 
matic regulating valves control the supply, and check 
valves prevent steam flowing from the turbines to the ex- 
haust system. The heater uses as much steam as it re- 
quires. Any excess builds up the pressure in the system, 
and when it exceeds the pressure at the points of entrance 
to the turbines, the automatic valves open and admit the 
surplus. This usually occurs when the turbine is carrying 
a light load. A back-pressure valve opening to the at- 
mosphere protects the system. 

In another plant this idea has been completed by 
the same engineers so that exhaust steam may enter the 
turbine or steam may pass from the turbine to the ex- 
haust system, depending on the relative pressures. The 
connections are shown diagrammatically in Fig. 8. Two 
back-pressure valves are emploved. The one at A opens 
toward the turbine and valve B toward the exhaust system. 
These valves are set at approximately 2 lb. pressure. If 
the turbine is heavily loaded and the pressure at the point 
of entrance is relatively high, valve A must remain 
closed and valve B will admit steam to the system. With 
conditions reversed and the pressure greater in the sys- 
tem, valve A opens and admits steam to the turbine. As 
usual, an atmospheric relief valve set at a higher pressure 
than the other valves, affords protection against a pos- 
sible emergency. 


SWITCHBOARD AND LINE 


Fig. 9 shows the front of the switchboard, which has 
|! black-slate panels and four double blue Vermont are 
panels set out 14 ft. from the wall. The board is equipped 
with the latest instruments and provides for remote con- 
trol. Back of the board are the oil switches, instru- 
ment transformers, etc., mounted on pipe framework, and 
four of the mercury are rectifiers. There is a total of 
eight 7%5-light outfits, four being in the basement. It 
will be noticed in Fig. 10 that the wiring is unusually 
neat and accessible and that there are free passageways 
immediately behind the board and between the switches. 
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Fig. 11 is a view in the basement showing rectifiers, cut- 
outs and the entrance of the cables into the underground 
ducts. About 225 ft. from the station the cables are 
brought up through iron-pipe risers to a terminal tower 
and by means of flexible jumpers are connected to the 
pole line leads. 

The 534 luminous are lamps, each taking 4 amp. at 80 
volts, are hung on 12-ft. mast arms and are equipped 
with a special cutout to protect the trimmer against the 
high voltage of the circuits. These ares serve the resi- 
dence district, the business center being lighted by 234 
ornamental five-light posts spaced 75 ft. apart on both 
sides of the streets. The top lamp of each cluster is rated 
at 100 watts and the four side lamps take 60 watts each. 
For the illumination of alleys there are 41 four-ampere 
tungsten lamps. The city hall is also lighted by the plant. 

OPERATING Costs 

As previously stated, the plant is operated from dusk 
to dawn every night in the vear, irrespective of the phase 
of the moon. One boiler is banked through the day, but 
two shifts of employees are required. Seven men are em- 
ployed in the plant—one chief engineer, two assistant en- 
gineers, two firemen and two day men. The period of 
daily operation averages 12 hr. and as the entire load is 
lighting, it remains practically constant. Up to midnight 
the load averages 280 kw. The lower lamps of the orna- 
mental clusters are then cut out and the load drops to 
230 kw. The total kilowatt-hours for the night, then, 
average 3060. In this, however, the current for the air- 
pump motors is not included, as the supply to these mo- 
tors is tapped directly from the generator leads and is 
not metered. 

On an average from Apr. 1 to Sept. 1, 5.85 tons of coal 
were burned per night; from start to midnight, 5800 Ib. ; 


| Back Pressure 


Turbine 
4 Valve to 
Atmosphere 
cA 
Heater x 


Sources of Exhaust Steam 


Fic. 8. Improvep ARRANGEMENT ALLOWING 
STEAM TO FLOW To OR FROM THE ‘TURBINE 


from midnight to shutdown, 4800 Ib., and 1100 lb. were 
required for banki:.. This is an average of 3.82 lb. per 
net kilowatt-hour. In the above period, containing 153 
days, the total money spent on the plant for coal, labor, 
supplies, ete., was $7249. This figures $47.38 per day, 
and dividing by the output gives an operating cost of 
1.55c. per kilowatt-hour. A fixed charge of 12 per cent. 
for interest, depreciation, taxes and insurance on an in- 
vestment of $95,563, the total cost of the plant, amounts 
to $11,467.56 per year, or $31.42 per day, and, based on 
the present net load, 1.02c. per kw.-hr. Adding the operat- 
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Fig. 9. 


ing and fixed charges 
kw.-hr, 
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gives a total cost of 2.57c. 


per 


As might naturally be expected, the cost of putting a 


TABLE 


Total Quantities, Lb.— 
Total water evap., 
Total coal fired, 1 
Total refuse, Ib. 
Total ash in refuse, computed from anal- 

Total combustible in refuse, 

from analysis, 
Total equiv. water evap. 

Temperature, Deg. F.— 
Av. temp. of feed water 
Av. temp. of steam at superheat outlet.. 
Av. superheat 
Av. temp. of flue 

Pressures— 
Av. steam pressure, gage, Ib. 
Av. steam pressure, absolute, Ib. 

Klue Goses— 

Av. CO, contents of flue gases, per cent... 
Av. CO contents of flue gases, per cent... . 
Av. O contents of flue gases, per cent.... 
Coal— 
Moisture in coal, per cent. 
Volatile matter in coal, per cent. 
IKixed carbon in coal, per cent. 
Ash in coal, per cent. 
Sulphur in coal, per cent. 
B.t.u. per pound of dry coal 

Ash— 
Ash, per 
Volatile combustinic matter 

carbon, per cent, 

Capacity— 
Maximum hp. 
Av. hp. developed 

Evaporation— 
Water evap. per lb. of coal as fired, lb... 


into dry steam 


gases 


per sq.in... 
per sq.in. 


cent. 


Equiv. evap. f. and a. 212 deg. per Ib. of 

Equiv. evan. f. and a. 212 deg. F. per Ib. 

Equiv. evap. f. and a. 212 deg. F per Ib. 
Efliciencies— 

ISfficiency of boiler, furnace and super- 


heater, based on dry coal, per cent..... 
Efficiency of boiler, furnace and super- 

heater, based on combustible, per cent. 
Loss of combustible, per cent. of coal fired 

Heat Balance— 
Heat value of fuel utilized, per cent.. 
Heat value of fuel lost, per cent......... 
Heat lost by radiation, conduction and 


corrected for losses, lb. 67,054.00 


2—RESULTS OF TESTS ON BOILERS 


Boiler 
No.1 


Boiler 
No. 2 


70,938.00 


8,911.00 9,193.00 
912.00 953.00 
$30.00 867.50 
82.00 85.50 
75,905.00 $3,281.00 
200.50 198.80 
502.00 544.20 
120.00 162.20 
501.00 495.50 
194.70 197.40 
209.40 212.10 
9.50 11.50 
0.70 0.50 
6.00 3.00 

4.42 
32.24 
52.98 
10.36 
0.90 
13,245 
91.32 
8.68 
300 300 
310 310 
225 225 
7.53 7.71 
8.52 9.11 
8.90 9.52 
10.47 11.20 
65.20 70.00 
76.70 82.35 
0.91 0.91 
5.20 70.00 
0.91 0.91 
33.89 29.19 


Front View OF SWITCHBOARD AND Arc PANELS 


kilowatt-hour on the line is high, but considering the 


conditions, the showing is excellent. 


The plant was de- 


signed for a much larger load than it is now carrying, and 


TABLE 8—RESULTS OF TESTS ON GENERATING 


Total Quantities— 
Weight of condensate, including 
Actual steam consumption, corrected 
Total energy generated by generator, 
Kw.-hr. 
Hourly Quantities— 

Av. power developed by turbine, kw. 
Average Temperatures, Deg. F.— 
Av. temp. of room at mercury column 
Av. temp. of steam (superheated) at 

Av. temp. of steam (saturated) at 
Av. deg. of superheat 
ea temp. in exhaust nozzle of tur- 
Temp. due to av. vacuum in exhaust 
nozzle 


Av. temp. of condensate .......... 
Av. temp. of circulating water in- 
Av. temp. of circulating water, dis- 


Average Pressures— 
~*~ pres. of steam at throttle, gage, 
Av. pres. of steam at throttle, abso- 
lute, 
Av. vacuum in exhaust nozzle, in. he. 


Av. reading of barometer, in. he. 
Av. abs. press. in exhaust nozzle, 
Av. abs. press. in exhaust nozzle, tb. 


sq.in. 
Economic Results— 


Actual consumption of steam per 
Consumption of steam per kw.-hr. 


(corr. for conditions of steam and 
vacuum upon which guarantees are 
based), Ib. 
Guaranteed consumption 


of steam 


per kw.-hr. (based on 200 Ib. gage 
ee. 150 deg. superheat at throt- 
tle. 
lb. 
Consumption of coal, lb. per kw.-hr.: 
(a) Turbine without auxiliaries... 
(b) Turbine with auxiliaries ..... 


Abs. back pressure 2 in. hg.), 


UNITS 


Approximate 
Load on Turbine, KW. 


600 
48,256.0 
46,971.0 

3,070.0 


614.0 


450 300 


15,057.0 7,811.0 
7,425.0 


14,476.0 


940.0 450.0 


300.0 


oon 
2 
ADE 425.0 
540.6 
380.6 
380, 
160.0 
We 
74.5 
82.0 
72.5 
59.5 
5 
69.5 
196.0 
210.7 
28.5 
29.6 
~ 
1.1 
0.54 
16.5 
5.4 
7.1 
6.0 17. 
15.9 1 
2° 
’ 16.2 16 
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2.07 
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as soon as the city enters the commercial field, it is ex- 
pected that additional generating capacity will be re- 
quired. At present only one unit is maintained in opera- 
tion at less than half load for 12 hr. out of the 24. The 
overhead expense imposes a heavy burden on small output. 
The double shifts make the labor cost high, and coal for 
banking adds to the fuel cost. With a commercial load 
requiring current during the day, the plant would be kept 
in continuous operation and the generating units would 
he operated at about rated capacity. There would be less 
loss from banking the fires and some returns for the work 
of the day shift. The total output would be much larger 
at but little additional expense, so that the cost per unit 
would be greatly reduced. 
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is not as high as might be expected, but is attributed to tue 
fact that the boiler was started cold, so that a certain 
amount of the fuel was required to heat up the setting. 
The efficiency of 70 per cent. obtained on No. 2 boiler is 
good, considering the fuel burned, which is West Virginia 
slack of the analysis given in the table. 

The results of the tests on one of the generating units 
are given in Table 3. The duration of the tests was 8 hr. 
5 hr. at full load, 2 hr. at three-quarter load and 114 hr. 
at one-half load. At half load the electrical energy was 
absorbed in the lighting circuits normally supplied from 
the generators. For the higher loads a water rheostat 
was used. The coal consumption during the tests was 
2.31 Ib. per kw.-hr., as compared to 3.82 Ib. obtained 


PRINCIPAL EQUIPMENT OF KALAMAZOO MUNICIPAL PLANT 


No. Equipment Kind Size Use 

Vertical water-tube.. 310 hp......... Steam . 
92 Stokers....... Jones underfeed..... .............. Under boilers. .. 
2 Superheaters.. Foster. ............. 104 sq.ft....... Superheat steam... ... 
ee eer 1500 hp.. Heat boiler feed water 
2 Pumps.. ... Duplex.. 74x4}xl0-in. Boiler feed water... . 
2 Turbines...... Hor. vel. type, 4-stage 
2 Generators.... Three-phase, 4-wire.. 600 kw. ae 
2 Exciters...... Ixcite main units.. 
» Condensers.... Surface, 3 pass...... 1600 sq.ft. . . Serve main units. . 
2 Turbo air and con- 

densate:.......... No. 10......... Serve condensers...... 

Centrifugal.......... 7-in............ Condenser circulating 


Switchboard, rectifiers, lamps and line equipment. 


The fuel cost per unit is one of the best indications of 
plant economy. In the present instance this item ap- 
proximates Ye. per kw.-hr. For the conditions (coal 
costine $2.70 per ton, only one unit running and at less 
than half load, and nearly 20 per cent. of the coal used for 
banking) this cost is low. It compares favorably with 
plants of the same or greater capacity running at full 
load, and indicates what may be expected of the present 
plant when it is operated under favorable conditions. 


OFFICIAL ‘TESTS 


That the plant is efficient is shown by the results of the 
official tests made on May 15 and 16 of this year by rep- 
resentatives of the consulting engineers and the city. 
Table 2 gives the results of the boiler tests, each of 8-hr. 
duration. An efficiency of 65.2 per cent. for boiler No. 1 


. Controlled by Cole automatics... .. 


sq.ft. Av. ‘superheat, 150 deg...... 
140 in. dia..... Draft for boiler furnace Driven by either of two 5x7-in. ‘Troy eng. . The Under Feed Stoke: Co. oi 


’ Mounted on shaft of main unit... 
. Cooling water from river........ 


Operating Conditions Maker 
200 lb. press., 150 deg. superheat......... . Wickes Boiler Co. 
: The Under Feed Stoker Co. of 
America 
rer Power Specialty Co. 


America 

750 lb. water per min. from 50 deg. .. Warren Webster & Co. 
. Henry R. Worthington 
200 lb. press., 150 de ~g. superheat, 3600 r.p.m.. General Electric Co. 
2300 /4000-volt, 60-cycle, 3600 r.p.m . General Electric Co. 

General Electric Co, 
. Wheeler Condenser & Engineer- 

ing Co. 


Driven by 16-hp. Terry turbines, 4000 r.p.m... Wheeler Condenser & Engineer- 
ing Co. 
Wheeler Condenser & Engi:cer- 


. Driven by 25-hp. G.E. 440-v. motor, 900 r.p.m. ing Co 


Genera E ectric Co 

under the present unfavorable operating conditions. The 
steam consumption at full load was found to be 15.3 Th. 
per kw.-hr., and when corrected to the guaranteed con- 
ditions of 200 Ib. steam pressure, 150 deg. superheat and 
an absolute back pressure of 2 in. of mereury, was 16.2 Ih. 

The coal burned under the boilers had an average heat 
value of 12,650 B.t.u. per Ib., as fired. 
2.31 lb. was required per kilowatt-hour, so that the total 
heat expended under the boiler to generate a unit of ele 
trical energy was 

2.31 KX 12,650 = 29,221.5 B.t.u. 
One kilowatt-hour is equal to 3412 B.t.u., so that the ther 
mal efficiency of the generating plant is 
3412 


29, 221.5 


11.67 per cent. 
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For any steam plant of the type and capacity, this is as 
high a thermal efficiency as can be expected. 

It is evident that the plant is uptodate in every re- 
spect and can be operated at high efficiency. To reduce 
the present unit cost, it is merely a question of obtaining 
enough commercial service to properly load the plant. 

E. W. Messany is chief engineer of the plant, and 
Woodmansee & Davidson, of Chicago, were the consulting 
engineers responsible for the design and construction of 
the station. 


Return-Pipe Compressed-Air 
Practice 


By Frank RICHARDS 


A letter from a California correspondent asks why it 
is that more has not been made of the Cummings system 
of compressed-air power transmission. He says that from 
the results which have been actually attained by the system 
it could be advantageously employed in many places, 
especially as, besides the economy of it, there is no danger 
of fire or explosion, and it can be operated under water. 

Notwithstanding that the return-air or two-pipe pump- 
ing system, for raising water by the direct pressure of air, 
is quite extensively and successfully employed in different 
parts of the country, and that this system has been fully 
described in various publications, the essential principles 
of the Cummings system in its entirety are not generally 
well understood even where it happens to be known at all. 
Patented a full generation ago, it seems to have been ex- 
ploited mostly in California, and it may be worth while 
to call the attention of power users to it again. 

It is rather curious that the new departure which this 
system represents—the use of higher pressures—is quite 
in line with the improvements in steam engines, in oil 
engines, especially of the Diesel type, and in electrical 
practice. It may be claimed, however, that the two-pipe 
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air system “goes them one better.” In the compound- 
or the triple-expansion steam engine it seems to be the 
last added portion of the pressure which secures the econ- 
omy, but the entire range of the pressure from the bottom 
to the top has all been retained, while the compressed-air 
system here to be spoken of retains and uses only the 
higher, and presumably more profitable, range of pressure. 

The essential feature of the system is the constant 
maintenance of a high pressure upon the air employed. 
Instead of continually compressing fresh atmospheric 
air up to, say 100 lb. gage, using it in the motor at that 
pressure, with or without expansion, and then exhausting 
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the air into the atmosphere again, a constant intake pres. 
sure of, say 100 lb. is maintained at the compressor. The 
air is compressed to, say 200 lb., is transmitted to and ix 
used in the motor at that pressure, and then is exhauste:| 
and carried back to the compressor at a pressure o/ 
100 lb., to be compressed and used again, and so on. 


DIFFERENT PressurE RANGES COMPARED 


The accompanying diagrams, Figs. 1, 2, 3, are all 
drawn to the same scale for equitable comparison, ani| 
may be studied together, although each represents an o)- 
eration entirely distinct from and unrelated to the others: 
that is, they are not successive stages of one operation. 
Tn each case the same volume of air fills the cylinder ai 
the beginning of the compression, but the actual weights 
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Fig. 2. AIR BETWEEN 100 AND 200 Ls. 

or quantities of air are very different, only Fig. 1 
beginning the compression with “free air,” or air at at- 
mospheric pressure. 

Fig. 1 represents the adiabatic compression of a given 
volume of air from atmospheric pressure, say 15 Ib. to the 
inch absolute, to a gage pressure of 100 Ib., or 115 Ib. ab- 
solute. Fig. 2 shows the compression of an equal volume 
(not an equal weight) of air, but under an initial pres- 
sure of 100 lb. gage, to a delivery pressure of 200 lb. ; and 
in Fig. 3 an equal volume of air at 200 lb. is compressed 
to 300 lb. 

In each case the initial volume of air compressed is 
represented by the area of the rectangle ABDCA. When 
the air has been compressed to the gage pressure speci- 
fied in each case its volume is represented by the area 
EBDFE, aud this will be the volume assumed to be dis- 
charged into the pipes and receiver. As we are speaking 
now from the purely theoretical viewpoint, nothing is said 
about clearance or other allowances made in practice. 

It is well understood that the operation of compression 
invariably increases the temperature of the air very much, 
but this temperature it is impossible to maintain, and un- 
less reheating is employed, the air is never used at the 
high temperature at which it is delivered by the com- 
pressor. As the air cools to normal temperature before 
it is used, its volume being reduced proportionately, the 
actual volume available for use is represented by the area 
GBDHG, this being in Fig. 1 only about an eighth of the 
initial volume, and not much more than one-half the 
volume EBDFE, as delivered by the compressor. 

The air delivered under either compression represented 
may be said to have equal working value, volume for 
volume, the available pressure being 100 Ib. in either 
case, the air in Fig. 1 at 100 lb. working against atmos- 
phere only, the air in Fig. 2 at 200 lb. working against 
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a back pressure in the return pipe of 100 Ib., and that 
in Fig. 3 at 300 having a back pressure of 200 lb. 

In compressing air from 100 to 200 Ib., as in Fig. 2, 
the temperature of the air is not raised nearly as much as 
in Fig. 1 and, consequently, the shrinkage in cooling 
from volume LBDFE to volume GBDIIG is proportion- 
ately much less than in Fig. 1. The volume GBDHG here 
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available for work is more than one-half the initial vol- 
ume ABDCA, or four times the volume available in Fig. 
1. At the same time it is to be noted that the mean ef- 
fective pressure in the compressor cylinder for the stroke, 
which is the measure of the actual work of compression, 
is decidedly less than double that of Fig. 1. Getting fully 
four times the available volume for less than double the 
power employed certainly looks like doubling the effi- 
ciency by halving the relative cost of the compression. 

In Fig. 3, compressing the air from 200 to 300 Ib., the 
heating of the air is still less and the consequent shrink- 
age by cooling also is less. The available volume deliv- 
cred, GBDFG, is five times the corresponding volume in 
Fig. 1, while the mean effective pressure required for the 
compression and delivery of the air is less than 2.1 times 
as much, which seems to be decidedly more than doubling 
the efficiency. 

It has been assumed in each case above that the initial 
air temperature is 60 deg. F. With the same increase of 
100 lb. in pressure the final temperatures will be 485, 163 
and 121 deg., the rise of temperature being, respectively, 
125, 103 and 61 deg. The enormous rise of tempera- 
ture in compressing from atmospheric pressure has led 
to the general adoption of two-stage compression, with 
intercooling of the air, thereby gaining something in 
economy, avoiding the overheating of the surfaces, the 
burning of the lubricants and the danger of fires and ex- 
plosions. With the heating that occurs in Figs, 2 and 3 
there is no necessity for employing the two-stage com- 
pressor, and little possibilitv of anv increased economy 
through its employment. 

The ratio of final and initial absolute pressures is: In 
Nig. 1, 7.666; in Fig. 2, 1.869; in Fig. 3, 1.465. The 
ratio of the volume after cooling to 60 deg., or the volume 
available for use, to the initial volume is: In, Fig. 1, 
0.1304; in Fig. 2, 0.535 and in Fig. 3, 0.6825. The rela- 
tive costs of compression, as measured by the power used, 
or the mean effective pressures for the compression divided 
by the volume after cooling, are: In Fig. 1, 41.6 + 
0.1304 = 319; in Fig. 2, 78.88 — 0.535 = 147; and in 
rie. 3, 86.83 — 0.6825 = 127. Here the ratio of the cost 


in Fig. 1 is 319 — 147 = 2.17, and of Fig. 1 to Fig. 3 
it is 319 + 127 = 2.51. 
It is understood that wherever this air is used—that 
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is, the air of Fig. 2 and Fig. 3—whether for driving a 
rock drill, for a steam pump or an air motor of any kind, 
the air instead of being discharged into the atmosphere. 
as it would be from Fig. 1, is piped back to the compres- 
sor with only 100 |b. of its pressure used; then, volume 
for volume, the air used would be of the same power value 
in either case, if not used expansively. As the available 
volume delivered as shown in Fig. 2 is four times that 
in Fig. 1, a compressor of one-fourth the capacity, or, at 
equal piston speeds, with a cylinder one-half the diame- 
ter, will be sufficient for the work. The maximum un- 
balanced pressure against the piston would be no greater 
in one case than in the other, only it would be continued 
for a longer or a shorter portion of the stroke. There 
would be no additional strength required in any of the 
working parts of the machine, except that the air cylinder 
and connections would have to be strong enough for the 
maximum pressure. 

As the same air is used over and over again in the two- 
pipe system, arrangements being provided for making up 
leakage losses, there is no appreciable accumulation of 
moisture and no possibility of freezing up, even if suffi- 
ciently low temperatures should occur, which they do not. 
At the same time more or less of the lubricant is carried 
back and forth in the air and comes in contact with the 
working surfaces. As the system is a closed one, being 
entirely out of touch with the surrounding atmosphere and 
not affected by the local pressure, it will work at one alti- 
tude just as well as at another. 


Why THE Systrem’s Has Been 


Now as to why the system has not been more extensively 
employed; there is the fact to begin with that even yet 
it is not generally as well known and understood as it 
should be. Then, evidently, it would not be likely to be 
much used for intermittent work, such as the driving of 
rock drills which are continually changing their location. 
and where the maintenance of the return connection would 
cost in time and trouble enough to cancel the prospective 
advantage. 

Apparently, the best employment of the system would 
be for the driving of ordinary steam pumps where con- 
stant pressure is usually required for practically the 
entire stroke. The air of Fig. 2, at 200 Ib. pressure and 
100 Ib. back pressure, or the air at the higher pressures 
of Fig. 3 does not permit much profitable expansion in use. 
When used for rotative purposes in an engine or motor, 
the cutoff, as the compression diagram suggests, should 
never occur earlier than three-quarter stroke, so that the 
cutoff that may be accomplished by a good slide-valve 
engine would be all that would be available in any case. 
In this respect the air in Fig. 1 would have some advan- 
tage, as, to secure the greatest economy, it should be cut 
off before half-stroke, and a certain saving would be ac- 
complished by the expansion which would not be possible 
where the higher pressures were employed. 

There is a necessity for the compressor supplying the 
air and the engine or motor using the air to approximately 
keep pace with each other, not necessarily stroke for 
stroke, but so that, with the aid of suitable receiver ca- 
pacity, the delivery and the return air pressures shall he 
maintained as constant as possible. This implies that 
the two working units of the system should be adapted 
to each other in capacity and that an automatic pressure 
governor should control the compressor. 
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A Gas-Trs 


SYNOPSIS—Description of the growth and de- 
velopment of a novel power plant in which the gas 
tractors under test are employed to furnish elec- 
tricity for the factory. 


One of the.manufacturers of gas tractors has an un- 
usual power plant. Power is furnished by the tractors 
under test, which are belted to 220-volt generators oper- 
ated in parallel. A three-wire system with balancer set 
jis used’ for current distribution. The growth of this 
plant has been rapid and the changes in its development 
are interesting. 


Fig. 1. 


In the first plant power was furnished by a stationary 
engine belted to the lineshaft. This worked nicely until 
the buildings were enlarged and more machinery put in. 
It was then decided to use the tractors under test to drive 
110-volt generators. Accordingly, a small power house 
was erected and one 110-volt generator installed. Some 
of the machines in the shop were motor-equipped, while 
others were belt-driven from lineshafts which were motor- 
driven. 

With this plan the tractors were worked out in the yard 
and as soon as they were fit went into the power house 


By C. V. Hutu 


to undergo a thorough test while furnishing power. Ax 
there was but one generator, tractors were generally 
changed during the noon hour. Shutdowns during shop 
hours came quite often, but the force was small at this 
time and there was no great loss. 

The increasing demand for power soon made it neces- 
sary to install the second 110-volt generator. The two- 
wire system was continued, using the two generators in 
parallel. This made it possible to test two tractors at 


the same time and to change an engine without “dropping 
the load.” There were times, of course, when a temporary 
heavy load caused a delay in changing engines. 

The further demand for power was met by a third 


Tractors Driving GENERATORS 


generator. It was then decided to change the distribu- 
tion, using a three-wire system with two of the genera- 
tors running in parallel. When the load was not too 
heavy only two of the three generators were run on the 
three-wire system. This allowed the use of 110- and 220- 
volt circuits at all times. The machines and lights were 
so connected that most of the 110-volt load was on 
one side of the system; hence the two machines in parallel 
carried considerably more than half of the load. 

In order that any of the three generators might be used 
alone, doudle-throw switches were installed on the switch- 
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board. By means of these switches, any two of the gen- 
erators could be operated in parallel, with the third one 
running on the opposite side of the three-wire system. 
These generators were all compound-wound, but switches 
were put on them so that the series windings of the fields 
might be short-circuited when they were running in 
parallel. 

When one of these generators played out, a three-wire 
machine was tried with indifferent success, and it was 
soon replaced with another 110-volt generator. 

Usually, three dynamos were run during the day and 
up to 8 p.m., after which only two generators were used. 
In order to equalize the load after 8 p.m., one of the large 
110-volt motors was fed by an individual circuit through 
a double-pole double-throw switch. When the three dy- 
namos were in use this motor was fed from the two 
in parallel on the positive side, and when only two gen- 
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Soon after this, two 200-amp. dynamos were also installed 
in one end of the machine shop. These were arranged to 
be driven by one engine by the use of a double pulley 
on the first dynamo. They were also connected with 
double-throw switches so that they could be used in par- 
allel or to feed the three-wire system. This outfit was very 
convenient, for small loads could be carried and it helped 
to keep the voltage quite steady when used to feed the 
three-wire system. After putting these machines in cir- 
cuit all the dynamos were run with the shunt fields 
only. 

Rapid increase in production, however, demanded more 
power, and it was decided that a new power house should 
be built and that 220-volt generators, with a balancer 
set, shouid be used. 

It was not possible to get the power house ready for 
some time, so machines Nos. 1, 2, 3, 5 and 6 and two 220- 
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Fig. 2. or 


erators were running the motor was usually switched to 
the negative side to more nearly balance the load. 

A single-pole double-throw switch was installed in 
the machine shop, so that an incandescent light circuit 
of some size could be switched as required. When this 
switch S, Fig. 2, was thrown to the right, the lights were 
on a two-wire circuit connected to the two dynamos in 
parallel. After 8 p.m. this switch was closed to the left, 
aid the lights became a part of the three-wire system. 
All are lamps were connected between the positive and 
neutral wires of the three-wire system, and the polarity of 
their supply was not changed. 

\Vlen the motor and lights were switched to the nega- 
tive side the load was nearly balanced. 

the next addition was a larger 110-volt dynamo, of 
600-amp. capacity (not shown in Fig. 2) for use with 
some 80-hp. tractors, although other tractors were used 
With it as well. 


GENERATOR WIRING 


volt dynamos, Nos. 7 and 8, were used for a considerable 
period. It was always necessary to start the 110-volt 
units first and then cut in the 220-volt machines. The 
double unit (5 and 6) was always cut in “against itself” 
(on opposite sides of the three-wire system) to prevent 
any possibility of mistake with 1, 2 and 3. One of the 
220-volt dynamos was set up in the yard under a tem- 
porary shed, but whenever it rained the belt had to be 
removed. A temporary switchboard was set up in ‘the new 
power house, and the other 220-volt machine was installed 
there. 

It was a rather mixed-up power plant during the period 
just before the change-over. In the old power house there 
were three 110-volt dynamos and in the yard one 220- 
volt machine; in the machine shop were the big 110-volt 
dynamo, one 220-volt dynamo and the two 110-volt ma- 
chines, combined in one unit. Two 220-volt dynamos 
were next set up in the new power house with a tem- 
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porary switchboard. It was at this time that the tem- 
porary balancer set described in Power, July 14, 1914, 
was put in service. 

This plan of operation continued for some time, though 
all the 220-volt generators were moved to the new power 
house. When at last the other 220-volt machines ar- 
rived and the new switchboard was set up, the 110-volt 
dynamos were taken out of service, the two 110-volt, 200- 
amp. machines being combined to make a balancer set. 

In connection with generator No. 8 (Fig. 2) is shown 
the permanent plan of wiring the 220-volt generators, of 
which there are 10 at present. Each panel carries a 
wattmeter, an ammeter, a voltmeter, a pilot light, a cir- 
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SYNOPSIS—A hydro-electric plant which forms 
‘part of the Minidoka irrigation project in Idaho 
sells its surplus power to the community at such 
rates as lo encourage the use of electricity for 
heating and various domestic purposes, a notable 
example being the high school at Rupert. 


There is not more than one thousand population in 
each of the towns of Heyburn, Rupert and Burley, which 
are the post offices and marketing centers for the farmers 
on the Minidoka irrigation project, in the southern part 
of Idaho; but it is probable that few cities have adopted 
electricity for so many purposes. To irrigate this part of 
what used to be known as the Idaho Desert, the U. 8. Rec- 
lamation Service built a dam 600 ft. long and 50 ft. 
high across the Snake River, forming an artificial lake 
covering 26 square miles, and at this dam installed a 
hydro-electric plant capable of producing 30,000 hp. The 
Government carries this power to the towns and farms 
scattered over the project, uses part to pump water to land 
too high to be irrigated by gravity, and sells electricity to 
farmers, settlers and distributing companies in the towns, 
at rates as low as half a cent per kilowatt-hour. 

The lowest rates are made for power and for heating 
purposes. In the winter the power from the government 
plant is not needed for pumping water, and the low rates 
offered have resulted in many of the houses and business 
buildings being heated by electricity at a lower cost 
than they could be heated with coal, which in this section 
(Wyoming bituminous) is worth about $6.25 a ton. 

Nearly every house and many of the barns on the Mini- 
doka project are lighted by electricity, while the farmers’ 
wives do their cooking on electric ranges, and the farm- 
ers run their pumps, grindstones, cream separators, churns 
and other farm machinery by electricity. 

Last year the town of Rupert built a $50,000 high 
school, and after figuring on costs, left off the chimneys 
and put in an electric heating plant. This schoolhouse 
has probably the most modern equipment of any in the 
United States, if not in the world. When the janitor 
desires heat for the building he throws a switch instead 
of shoveling coal, and when he leaves for the night he 
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cuit-breaker, a rheostat, and a switch with fuse blocks, 

The unit system in this plant gives great flexibilit, 
and makes it possible to rush the testing of tractors dur. 
ing busy times. These tractors range from 30 to 80 hp. 
There is never any trouble regarding shift changes, for 
the care of the tractors requires but little time and all fill- 
ing is done with hose connected to pipe lines. The power 
is cheaply developed, for the tractor motors use fuel at 
de. per gallon. Of course, the greatest advantage is the 
thorough testing of the tractors with little, if any, extra 
cost. All in all, the plant is very satisfactory and effi- 
cient, though the noise is not pleasing to the man who 
is accustomed to quiet-running Corliss engines. 


Government Furnishes Cheap 
Electricity 


By Herman B. WALKER 


throws out the switch instead of banking his fires. The 
building is a three-story brick structure, designed to ac- 
commodate 600 children, and the electrical installation 
exceeds 435 kw. The heating plant has a connected ca- 
pacity of about 400 kw. and consists of eleven units, 
which makes it possible to regulate the heat with ease. 
Kach unit has a capacity of 36.5 kw., on 400 volts, and 
consists of a stack of grid resistances. 

The air is drawn in through a two-way damper which 
permits it being taken from either inside or outdoors. A 
fan with a capacity of 20,000 cu.ft. per min., located be- 
yond the heaters, forces the hot air into the plenum cham- 
ber, the floor of which is dropped a few inches below the 
rest of the basement and is kept flooded with water. The 
hot air is blown across the surface of this water before 
entering the flues leading to the various rooms. About 
forty gallons of water a day is evaporated and carried to 
the rooms with the hot air, thus keeping the atmosphere 
moist. Foul air is exhausted through ventilating shafts 
leading to the roof. 

An hour or two before school opens in the morning, the 
janitor starts the fan, turns on as many units of the 
electric heaters as he thinks necessary, and turns the air 
damper to draw the air from inside the building into the 
heating chamber. When the temperature has reached 
about 70 F., he turns the damper to draw the air from 
outside. When the building is closed at night, the two- 
way dampers are turned to exclude the outside air, the 
heating units are all switched onto 220-volt transformer 
taps, the fan is shut down and the air is allowed to cir- 
culate by natural current during the night. This keeps 
the temperature high enough to make the warming-up 
process in the morning quick and easy. The heating 
installation is designed to heat 20,000 cu.ft. of air per 
min. from zero to 70 deg. F., and has worked satisfac- 
torily. 

It has cost somewhat more for current than it would 
have cost for coal to heat the school, but the school au- 
thorities are convinced that the saving in the cost of in- 
stallation, fireman’s wages and depreciation has more 
than made up the difference, and that the electric plant 
under the existing conditions is actually more economical 
in the long run than furnaces or boilers. Furthermore, 
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‘here is the greater elasticity of operation and the ease of 
adjustment to meet varying weather conditions. 

Power for this heating is supplied by the Government 
at a flat rate of $1 per kw. per month, based on the maxi- 
mum demand for the month, with the stipulation that 
the maximum demand for the season must be paid for at 
least four months out of the year. 

In addition to the electric heating, the school has a 
complete domestic-science department with an equip- 
ment of individual electric hot-plates for twenty pupils. 
There is also a large electric range for baking and for 
cooking the dishes supplied to the school cafeteria, where 
the pupils are supplied with hot meals at cost. An elec- 
tric water still which not only furnishes distilled water for 
the school, but also supplies the local drug store, where 
the water is exchanged for the chemicals used in the 
school laboratory, is another unusual equipment. Water 
for the toilets, the shower baths in the gymnasium, dish- 
washing in the domestic-science room and for the labora- 
tory, is heated by a 3-kw. circulating heater connected to 
a 250-gal. hot-water tank. The machinery in the manual- 
training room is operated from the 10-hp. variable-speed 
motor whicu drives the ventilating fan. A 450-watt stere- 
opticon is a part of the school equipment. 

On this project, in sumnier, the government power 
plant sends current to several points to pumping plants, 
and pumps water for irrigating approximately 50,000 
acres of farms, mostly alfalfa fields, the average pumping 
lift being 66 feet. 

The Government is required to allow a certain amount 
of water to pass through the dam at Minidoka, as there 
are interests further down the stream which have prior 
water rights. The water passed on for use below is dropped 
through 10-ft. penstocks and drives five main generating 
units of the vertical type, each of 2000-hp. rated capacity 
under a head of 46 ft., and two 180-hp. turbine-driven 
exciters. The power is transmitted ‘at 33,000 volts over 
10 miles of transmission lines to the pumping stations 
and transformer stations for town use. The average cost 
of generating electricity and delivering it at the pumping 
plants on the project, including 10 per cent. on the in- 
vestment for depreciation and other items, has been about 
0.6c. per kw.-hr. The cost of pumping water for irri- 

gation has been about $1.40 per acre per season. 

The rates charged to consumers on the project are: 

FLAT-RATE LIGHTING 


Per Month 

For 20 incandescent 15-watt lamps.....................0.000- .. $1.50 

For 5 incandescent 15-60-watt lamps............................. 1.50 

Per light over 60 watts, for each 60 watts or fraction thereof........ 0.25 
Per are lamp, 700 watts, all 

HEATING RATES 
Per devies, per 1000 watts, .. 2.50 
FLATIRON RATES 
METERED LIGHT AND APPLIANCE RATES PER KW.-HR. 
For 25-50 kw.-hr. in month................. 
In excess of 100 kew.-hr. in Month... ...... 0.054 
POWER RATES PER KW.-HR. 

For 200-500 kw.-hr. in month................ 0.03 
For 1000-2000 kw.-hr. in month......... 0.008 
For 2000-5000 kw.-hr. M Month... 0.007 
for 5000-50,000 kw.-hr. in, month. 0.0063 
or 50,000-75,000 kw.-hr. in .. 0.0060 

Vor 75,000-100,000 kw. -hr. in ... 0.0057 
In excess 100,000 kw.-hr. in month. .. 0.0055 
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New Ellison Combination Dif- 
ferential Draft Gage 


The accompanying illustration shows the latest addi- 
tion to the long list of Ellison gages. By the application 
of a simple system of cross-connecting, the cover-type 
differential draft gage, the flue draft, the furnace draft 
or the differential between the flue and the furnace, 
indicating the variations of the air supply, can all be 
indicated on a simple gage, over the full length of the 
scale. The fittings are of brass and the tubing of copper. 
Each connection is furnished with a piece of rubber tubing 
for a 1Q-in. pipe, serving as a flexible joint for relieving 
the gage from pipe strains and from shocks when the 
pipe lines are accidentally struck with the fire tools. By 
means of the elbows with locknuts, the combination can 
be turned to the right, left, or up. 

The tube at the right connects with the flue piping 
on the boiler side of the damper, or with the last pass, 
and the connection at the left with the furnace piping 
in the usual manner. To indicate the flue draft the flue 
cock is opened and the other two are closed, the cock 


New CoMBINATION DIFFERENTIAL DRAPT 
GAGE 


at the left being pinned at quarter turn and so vented 
that when closed, the zero end of the gage is open to the 
atmosphere. 

To indicate the furnace draft the outside cocks are 
closed and the middle cock opened, the economical range 
of furnace draft being maintained between the pair of 
pointers at the left, which are set as directed on the cover- 
type differential draft gage. 

To give a continuous indication of the variations in 
the air supply, for which the gage is chiefly intended, 
the outside cocks are opened and the middle one closed. 
The reading is maintained between the second pair of 
pointers, which are set to check with the furnace pointers, 
the right being red, beyond which the liquid should not 
pass except under excessive overloads. The object of 
the pointers is to maintain the liquid as nearly as possibie 
to zero and still carry the load without producing CO. 

To establish the liquid at zero all cocks are closed and 
the plug over the chamber unscrewed until the vent in 
the threaded portion stands out of the fitting. 

Manifolds can be furnished in place of the flue nipple, 
for connection with various flue-gas passages, while a 
pressure nipple can be furnished with an ashpit con- 
nection, for indicating the blast or the differential between 
the ashpit and the furnace. The seale of the gage is 
divided into hundredths of an inch, and the movement 
of the fluid is magnified ten or fifteen times. The in- 
ventor and maker of the gage is Lewis M. Ellison, 623s 
Princeton Ave., Chicago, il. 
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hy Direct-Current Motors Fail to 


Start--IJ 


By F. A. ANNETT 


SY NOPSIS—The effects of open field circuits and 
how to locate the trouble; also the use of a water 
rheostat as a substitute for a starting box. 


The causes of direct-current motors failing to start as 
described in Part 1 (Feb. 9, 1915) will not affect other 
parts of the apparatus, such as causing the fuses to blow, 
the starting box or other parts of the machine to heat, ete. 
_ A break in the field circuit will produce several differ- 
ent effects, depending upon the winding, the setting of the 
brushes, and whether or not the machine is loaded. If 
series-wound it will not start, for the field winding is part 
of the armature circuit. If shunt-wound and the brushes 
are set at the neutral position the motor will not start, 
but shifting the brushes off neutral will cause rotation 
in the direction in which the brushes are shifted, provided 
the machine is not loaded. A compound-wound machine 
with the shunt field winding open will usually start 
whether loaded or not, but unless heavily loaded it will 
usually race. If the series field winding is open it will 
have the same effect as in a series machine. 

In the shunt field circuit a break may occur anywhere 
hetween the first contact point on the starting resistance 
around to where the field coils and armature leads connect 
to the line wire, as indicated by the arrowheads in Fig. 1. 
As the no-voltage release coil on the starting box is located 
in an unprotected place, it is usually one of the chief 
sources of open circuit in the shunt field circuit; there- 
fore, it should be given first consideration. 

Assume a condition as illustrated in Fig. 2 where the 
no-voltage release coil is open at .\V. This interrupts the 
shunt field cireuit, but leaves the armature circuit com- 
plete, and may cause any one of the effects enumerated. 
Where an attempt is made to start a shunt- or compound- 
wound motor with the shunt field circuit open, if it starts 
it will run at high speed, the starting resistance will be- 
come very hot, and if an attempt is made to cut out the 
resistance the fuses will blow and the machine will spark 
badly at the brushes and commutator. 

A simple test for this defect is to disconnect the arma- 
ture lead A on the starting box, close the switch, and 
bring the arm upon the first contact. If the field circuit 
is closed, a spark will occur when the arm is allowed to 
drop back to the off position ; if open, no spark will occur. 
To locate the defect in the starting box, disconnect the 
armature and field connections, close the switch and 
bring the arm upon the first contact; then test with a 
lamp, as at Z and L’, Fig. 3. When the lamp is connected 
to terminal A it will light, for the cireuit is completed 
through the starting resistance, as indicated. When con- 
nected to terminal F’ it will not light, for the circuit is 
open at XY; the coil may then be tested by connecting the 
lamp first to one and then to the other terminal, as indi- 
cated at a and ). If the lamp lights at @ and not at ), 
as in this ease, it indicates that the circuit is open between 
the two terminals of the coil, which may be removed and 
again tested to make sure that the trouble has been prop- 
erly diagnosed, 


If the defect cannot be located and repaired and the 
coil has to be rewound, it does not necessarily mean thai 
the motor has to be shut down until the repairs have bee: 
made. This difficulty can be temporarily overcome }) 
connecting terminals a and b with a piece of wire. How- 
ever, it will now be necessary to tie the starting arm or 
remove the spring, to keep it in the running position. 
For a more detailed explanation on open circuits in field 
coils see Power, Aug. 4, 1914. 

Sometimes it is necessary that the starting box be taken 
to the shop for repairs, or it may have been completely 
burned out and a new one is required. In such cases, if a 
duplicate starter is not at hand the motor must remain 
shut down unless some substitute is provided for starting. 
One of the most*convenient substitutes is a water rheostat. 
This is made up of a common 10- or 12-quart pail, a wood 
or pulp pail being preferable, as there is less danger of a 
short-circuit. Two electrodes must be provided; one a 
flat plate which rests on the bottom of the rheostat and 
connects to one side of the line, the other any piece ol 
metal that is at hand and connects to the armature. The 
pail is filled with water containing a handful of common 
salt to increase its conductivity. This size of rheostat will 
be sufficient for starting a 25- or 30-hp. 230-volt motor 
under full load, or a 100- to 150-hp. motor under light 
load. 

Fig. 4 illustrates the proper method of connecting the 
rheostat in circuit for starting a shunt motor. In making 
the connection care should be taken to get the rheostat in 
series with the armature only and the field connected 
directly to the line, as shown. If the field is connected to 
the armature wire leading to the movable element of the 
rheostat, the motor will have a very weak torque at start- 
ing. ‘To start a motor with a water rheostat proceed as 
follows: 

See that electrode a, Fig. 4, is removed from the rheo- 
stat ; then close the line switch and lower a slowly into the 
pail. As soon as it is immersed in the liquid the machine 
should start. Continue to lower a gradually until it 
comes in contact with electrode b at the bottom of the 
pail. ‘To insure good contact while the machine is run- 
hing, a single-pole switch S may be used to short-circuit 
the rheostat after the machine has been brought up to 
speed. This short-circuiting switch must be open when 
the line switch is closed to start the motor, or the fuses 
will blow. If difficulty is experienced in getting the 
motor to start properly through the rheostat, more salt 
may be added. 

The proper method of connecting a compound motor is 
shown in Fig. 5, which is practically the same as for a 
shunt machine. If a metal pail is used electrode b) may 
he dispensed with and the line wire connected directly to 
the pail. 

A short-circuit in one or more of the field coils of a 
multipole machine will prevent it from attaining normal 
speed. However, it will start with a good torque, but as 
the speed increases sparking will occur at the commutator 
and brushes and excessive current will be drawn from the 
line; and by the time three or four points of the starting 
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esistance are cut out, conditions will become so bad as to 
necessitate shutting the machine down, or the fuses will 
hlow. 

A ground in two or more field coils if the system is in- 
-ulated, or a ground in one field coil where the frame of 
the machine and one side of the line are grounded, will 
lave practically the same effect as a short-circuit in one 
of the field coils. A method of locating these defects 
was described in Power, Sept. 1, 1914. 

Another defect which will prevent a motor from attain- 
ing full speed is a short-circuit of a group of armature 
coils. This will cause the machine to start with a jerky 


Test Lamp 
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will draw an excessive current from the line and blow the 
fuses if the starting resistance is cut out. 

To set the brushes on the neutral point when the ma- 
chine is standing still, follow out the leads of the arma- 
ture coils located between the polepieces and set the 
brushes on the segments to which these leads connect. The 
proper position for the brushes is usually opposite the 
center of the polepieces or opposite the center of the 
space between them. In most modern machines it is op- 
posite the center of the polepieces. 

If the machine is compound-wound a short-circuit be- 
tween the series and shunt field coils will have about the 
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effort, and before the armature has accelerated very much 
it will act as though heavily overloaded ; and if an attempt 
is made to cut out the starting resistance the fuses will 
blow. The method of locating this defect was ‘treated in 
Power, Nov. 17, 1914. 

Two grounds in the armature winding will have prac- 
tically the same effect as short-circuiting a group of coils. 
One ground in the winding, combined with a ground on 
the external circuit, will cause the fuses to blow. 

If the brushes are shifted so that they are equidistant 
between the neutral points, the machine will not start, but 


same effect as a short-circuit in the field coils of a shunt 
machine. This condition is illustrated in Fig. 6, where 
a short-circuit is indicated at V between the shunt and 
series field coils on polepiece £. On account of the low 
resistance of the series field winding, the current through 
the shunt field coils will take the path indicated by the 
arrowheads, short-circuiting the shunt field coils on pole- 
pieces C and D and part of the coil on B. 

A quick test can be made for this defect, as shown in 
Fig. 7. Open the connection between the series and shunt 
fields at the motor and the armature connection A at the 
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starting box. Connect a test lamp in the shunt field cir- 
cuit as indicated, close the switch and bring the start- 
ing-box arm upon the first contact. If the lamp lights 
it denotes a short-circuit between the series and shunt 
fields, as shown by the arrowheads. The defective coil 
may be located by opening the connections between 
the field poles and then testing between the series and 
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SYNOPSIS—A brief treatise on the selection of 
boilers for isolated plants, together with the more 
important matters to be considered in connection 
with boiler design and operation. 


SELECTION OF A BOILER 


Among the governing factors in the selection of a boiler 
are the pressure to be carried, size and number of units, 
available space, and cost. To these may be added details 
of construction, relating especially to accessibility for in- 
spection, cleaning and repairs. 

When the boilers are furnished by builders of estab- 
lished reputation, it is not usually necessary for the engi- 
neer to prepare detailed drawings and specifications. Gen- 
eral requirements as to pressure, amount of heating and 
grate surface, and type of furnace and setting are fur- 
nished the builder, from which he, in turn, prepares speci- 
fications for the approval of the engineer and which are 
submitted with his bid. This applies especially to water- 
tube and patented boilers, of which there is a great va- 
riety. In the case of fire-tube boilers of the horizontal 
type, the engineer often furnishes specifications, particu- 
larly where any departure from standard construction is 
required. 

The boilers most frequently used in isolated plants are 
the horizontal return-fire-tube and the standard makes 
of water-tube boilers. Vertical fire-tube, locomotive and 
marine boilers are also used in special cases. In the mat- 
ter of fuel consumption for a given capacity there is 
little choice in the different types of equal grade, hence 
adaptability and cost are the governing features in mak- 
ing a selection. ; 
Return-tubular boilers are rarely used for pressures 
over 150 lb. or for sizes much above 125 hp., because 
of the thickness of plate required, which in general should 
not exceed 14 or 5% in., owing to its exposure to the hot- 
test part of the fire. Within these limits they are an effi- 
cient type and are especially adapted to low basements. 
The first cost of a return-tubular boiler is somewhat less 
than a water-tube boiler, which is sometimes a deciding 
factor. 

For larger units and higher pressures some form of 
water-tube boiler is usually selected. Boilers of this type 
are also frequently employed in small- and medium-sized 
plants on account of greater safety, and special designs 
are constructed for locations where headroom is limited. 
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The capacity of a boiler is based upon the weight of 
steam which it will furnish in a given time under speci- 
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shunt coils on each polepiece with a lamp or voltmeter. 

In locating trouble never forget to test the machine 
and the controlling device for grounds, as a combination 
of grounds on a motor and controller sometimes produces 
some very puzzling and, at first thought, unaccountable 
effects which are easily explained after the trouble has 
been located. 


By Cuarves L. 


fied conditions; the standard of measurement being the 
weight of dry steam evaporated per hour from and at 212 
deg. The performance of a boiler operating under other 
conditions may be reduced to this standard by the use of a 
table of “Factors of Evaporation,’ which may be found 
in most handbooks. Table 1 gives the factors of evapora- 
tion over a small range and in a condensed form merely ° 
for present purposes. 


TABLE 1. FACTORS OF EVAPORATION 
Temper- 
ature of 
— Gage Pressure in Pounds per Square Inch 
Vater, 
Deg. F. 100 110 120 130 140 150 160 170 180 
SO 1.208 1.210 1.212 1.214 1.215 1.217 1.218 ' 1.2290 1.221 
60 1.198 1.200 1.202 1.203 1.205 1.207 1.208 1.210 1.211 
70 =1.187 1.189 1.191 1.193 1.194 1.196 1.197 1.199 1.200 
80 1.177 1.179 1.181 1.183 1.184 1.186 1.187 1.189 1.190 
90 4.167 1.160 1.170 1.172 1.174 1.176 1.177 1.170 1.180 
100) «1.156 1.158 1.160 1.162 1.164 1.165 1.167 1.168 1.170 


Exvample—A boiler supplied with feed water at a tem- 
perature of 70 deg. generates 4000 Ib. of dry, saturated 
steam per hour at a pressure of 180 lb. gage. What is its 
equivalent evaporation from and at 212 deg. ? 

The factor for the above conditions from Table 1 is 1.2, 
hence the equivalent evaporation under standard condi- 
tions is 4000 X 1.2 = 4800 lb. of steam per hour. 

The heat required to evaporate one pound of water from 
a temperature of 212 deg. into steam at atmospheric pres- 
sure is 970.4 B.t.u. 

One boiler horsepower represents the capacity to evap- 
orate 34.5 lb. of water per hour from and at 212 deg., 
which process requires 970.4 K 34.5 = 33,479 B.t.u. 
In practical work this is commonly taken as 33,000, which 
gives results on the side of safety. 

What is commonly known as heating surface includes 
all the plates and tubes exposed to hot gases on one side 
and water on the other. Surface coming above the water 
line and exposed to hot gases on one side and steam on the 
other is called superheating surface. 

The effectiveness of the various heating surfaces de- 
pends upon their location and character, but in all com- 
putations relating to boiler capacity, it is customary to 
assume a uniform value for the entire heating surface 
which shall represent a fair average under ordinary work- 
ing conditions. 

For power work an evaporation of 3 to 3.5 Ib. of water 
per sq.ft. of heating surface per hour may be taken, which 


34. 
— 11.5 sq.ft. per hp. in the first case and 


calls for 


34.5 
3.5 

Builders usually rate their boilers on a basis of 10 sq.ft. 
of heating surface per hp. for water-tube boilers and 12 
sq.ft. for return-tubular boilers, but as no uniform rule 


- = 9.9 sq.ft. in the second. 
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is followed in this respect, the engineer should always 
~pecify the amount of heating surface required rather 
than the horsepower. Some engineers call for a guaran- 
teed evaporation under standard conditions as to feed- 
water temperature, steam pressure and coal consumption. 
In the case of return-tubular boilers, it is.well to state 
the diameter and number of tubes for a given diameter of 
shell, as the efficiency is lowered by crowding them too 
c a together. Table 2 gives tube data as recommended 
y the Hartford Steam Boiler Inspection & Insurance 

0. 

TABLE 2. TUBE DATA 


Diameter of Shell, In. Diameter of Tubes, In. Number of Tubes 


48 3 44 
54 3 4 
54 3} 46 
60 3 72 
60 3} 64 
66 90 
66 3} 78 
66 62 
72 3 114 
72 34 98 
72 4 72 

EFFICIENCY 


The efficiency of a boiler plant is made up of the com- 
hined efficiencies of the furnace and boiler and is ex- 
pressed by the ratio: 
heat absorbed by water in boiler per 1b. of coal, as jr ed 

calorific value of one lb. of coal, as fired — 


When oil fuel is used or mechanical appliances are pro- 
vided for feeding the coal or creating a draft, the heat 
required per pound of fuel for this purpose must be de- 
ducted from that delivered by the boiler in the form of 
steam for useful purposes in order to obtain the net effi- 
ciency. The heat absorbed by the water in the boiler per 
pound of coal equals 


970.4 WX qxf 
w 


in which 
W = Apparent weight of water evaporated, in 
pounds per hour; 

q = Quality of the steam; 

f = Factor of evaporation for the conditions of feed 
temperature and steam pressure during the 
test ; 

w= Weight of coal burned, in pounds per hour. 

The calorific value of coal varies with the kind and the 
locality from which it comes, and should be determined 
in each particular case for accurate results. For approxi- 
mate work, the following values may be used: 

TABLE 3. CALORIFIC VALUE OF AMERICAN COALS. 

Kind of Coal Calorific Value in B.T.U. per Pound 


¥ 

Semi-bituminous....... . . 14,700 
Rastern bituminous. . 13,600 
Western bituminous........... 12,300 


In general, the efficiency will run from 50 to 70 per 
cent., averaging about 60 per cent. in well designed and 
carefully operated isolated plants of good size. This ap- 
plies to boilers working under normal conditions. When 
forced beyond the capacity for which they are designed, 
‘he efliciency falls off somewhat, although not so much as 
was formerly supposed. 


BorteR PERFORMANCE 


This relates to the various results obtained in the prac- 
tical operation of steam boilers, such as rates of combus- 
‘lon and evaporation, coal per horsepower-hour, etc. 
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The weight of coal burned per square foot of grate per 
hour depends principally upon the kind of fuel, the type 
of furnace and the strength of draft. Table 4 gives about 
the average for different grades of coal burned under 
natural draft. These figures, however, may vary 2 or 3 
lb. either way, according to local conditions. 


TABLE 4. RATES OF COMBUSTION WITH NATURAL DRAFT 


Pounds Burned per Sq.Ft. 


Kind of Coal irate per Hour 


Anthracite een at No. 1. 9-12 
Anthracite pea. . 12-15 
Anthracite nut............. 14-18 
Semi-anthracite, sc reenings. 14-18 
Semi-anthracite, run of mine...... 18-22 
Semi-bituminous, screenings... .. . 18-24 
Semi-bituminous, run of mine..... 18-24 
Bituminous, slack............ 18-24 
Bituminous, secreenings...... . 20-26 
Bituminous, run of mine.......... 20-28 


With mechanical draft the rate of combustion may 
be greatly increased if desired, but is not usually carried 
much over 30 lb. in stationary plants of medium size. 
With certain types of stokers, however, the best results 
are obtained with small grate surfaces and high rates of 
combustion, but for average practice with hand-fired fur- 
naces, the figures given should be generally followed. 

The rate of evaporation depends partly upon the grade 
of fuel and partly upon the boiler and furnace efficiencies, 
which in turn are influenced by the character and ar- 
rangement of the heating surface and its relation to the 
grate area. Table 5 gives the pounds of steam evaporated 
per pound of coal for different calorific values and effi- 
ciencies within the usual range in isolated plants. 

TABLE 5, POUNDS OF STEAM FROM AND AT 212 DEG. PER POUND 
OF COAL 


Colt Value of Coal in 


Combined Efficiency of T.U. per Pound 


Boiler and Furnace 12,000 13,000 14,000 15,000 
70 per cent.......... Core ree 8.6 9.4 10.1 11.8 


The pounds of coal per horsepower-hour is found by 
dividing 34.5 by the rate of evaporation obtained in any 
given case. Table 6 has been prepared for the same con- 
ditions of boiler efficiency and calorific value of fuel as 
Table 5 and gives the pounds of coal required per boiler 
horsepower per hour. 


TABLE 6. COAL CONSUMPTION PER BOILER HORSEPOWER-HOUR 


Pounds of Coal per Boiler 
Horsepower per Hour 
Calorific Value of Coal in 


Combined Efficiencies of B.T.U. per Pound 
Boiler and Furnace 12,000 13,000 14,000 15,000 
4.0 3.7 3.4 3.2 


Boiler Cieede for Power—All power requirements 
should be reduced to indicated horsepower. This, multi- 
plied by the water rate of the engine, reduced to an 
equivalent evaporation from and at 212 deg. and divided 
by 34.5, will give the boiler horsepower required. Ex- 
pressed as a formula, this becomes 

ihp. XW.R. Xf 
= 


34.5 
in which 

b.hp. = Boiler horsepower required ; 

ip. = Indicated horsepower to be supplied ; 

W.R. = Water rate of the engine under given condi- 
tions of feed-water temperature and steam 
pressure ; 

f = Factor of evaporation for given conditions. 
Example—What boiler capacity will be necessary to 
supply power for a factory requiring 500 i.hp. at the en- 
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gine? Power is to be furnished by a low-speed engine us- 
ing 20 lb. of steam per indicated horsepower per hour. 
The average feed-water temperature is 60 deg. and the 
steam pressure 100 lb. gage. In this case 
thp. = 500; 
20; 
f = 1.198; 
which, substituted in the formula, calls for 
500 & 20 1.198 
This gives simply the boiler power for supplying the en- 
gine. If steam is required for other purposes, such as 
the driving of pumps, heating, ventilating, etc., the ca- 
pacity should be increased accordingly. 

Boiler Capacity for Heating, Ventilation, ete—The 
general method employed in this case is the same as above 
described. All heating requirements are reduced to 
pounds of steam per hour and the result divided by 34.5 
to find the boiler horsepower. 


Paint for Engineering Purposes 
By E. N. Percy 


= 347 boiler horsepower 


The writer had occasion recently to investigate the prin- 
ciples of paint making, because his empluyers were not 
satisfied with the results in the upkeep of painted surfaces 
in their various power plants. The results of these inquir- 
ies may be of interest to practical men. 

There are many ways of making paints, but only a few 
for good paint. There are also many ways of using paint, 
but only a few for getting good results. Nothing goes 
further toward improving the appearance of a power plant 
than the judicious use of paint and varnish, and a man 
need not be a highly trained painter to get fairly good 
results if the underlying principles are known. 

Protective coats may be divided into three general 
classes, viz., paints, varnishes and dips. 

Paints consist of a body, which is to be the protective 
coat, and the solvent in which the body is dissolved. The 
solvent in some paints evaporates and leaves the body; in 
others, it oxidizes and hardens with the body. In addi- 
tion to these two ingredients, it is customary to add ‘color- 
ing matter, unless the body is already of the color re- 
quired. 

Varnishes consist of a body and solvent, and are used 
to give a glazed finish, impervious to the elements. Var- 
nishes are sometimes used as fillers, prior to the applica- 
cation of paint; again, they are used as a protection to the 
paint, particularly if the paint is of an expensive and 
highly ornamental character. Dirt may be washed from 
varnish, whereas it sticks more or less to paint. Varnishes 
may be colorless and transparent, or may be stained to any 
desired color. 

Dips are protective coatings into 
be dipped, after which the coating is hardened to the 
desired texture by cooling, baking in an oven or by 
further dipping in another compound. Such coatings 
include lacquer for brass, cast iron, copper or wooden 
pipes, ete. 

Well known combinations for paint are white lead and 
iinseed oil and coloring matter, kerosene or gasoline and 
lampblack, or linseed oil and lampblack. 

Without doubt, there is no paint known that equals 
pure white lead and boiled linseed oil for general pro- 


which articles may 
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tection. For white coats, it may be used without other 
ingredients; for any other color, the pigment may be 
procured at any paint shop. It is almost impossible to 
get contract work done with pure white lead and pure 
boiled linseed oil; but this is the only way to have high- 
grade work done. The writer has had to go to the greatest 
extremes, with inspectors, chemical tests, etc., in order 
to compel contractors to use pure white lead and linseed 
oil, because of their high cost. The usual substitute is 
zine, and even this is often mixed with chalk or lime: 

Red lead is an excellent protection for steel work; it 
does not show the dirt and is much cheaper than white 
lead. 

Cheaper paints are made with asphaltic and tar prod- 
ucts dissolved in gasoline, distillate, benzine, benzol, lin- 
seed oil or kerosene. 

Varnishes consist mostly of rosins or tree gums dis- 
solved in turpentine, alcohol, gasoline or boiled linseed 
oil. The solvent then evaporates (known in this case as a 
spirit varnish) or hardens by oxidation (known as an vil 
varnish). Among the cheaper varnishes are shellac, in- 
side finish, etc. The more expensive varnishes are those 
intended to endure stress of weather, like automobile 
finish, etc. The pyroxylin or celluloid varnishes are made 
from cellulose. The celluloid is dissolved in wood alco- 
hol or in amyl acetate (banana oil), and may then be 
mixed with coloring matter or heavier bodies, such as a 
solution of asphaltum in gasoline. It then imparts a 
high, glossy finish. It has been found, however, that the 
pyroxylin varnishes do not withstand the elements and are 
therefore suitable for inside work only. 

The pyroxylin varnishes are suitable for finishing 
and protecting metal surfaces, provided the metal is 
not highly heated. They also prevent oxidation, and pre- 
serve highly polished surfaces. A fine grade of pyroxylin 
varnish may be made by dissolving moving-picture films 
in wood alcohol. The film can be secured from any large 
film exchange, as they always have quantities of worn-out 
films on hand, which are merely burned up as so much 
waste. A thousand feet of film, unwound and stuffed 
into a ten-gallon drum, may be covered with wood alcohol 
and the drum closed. It should be left for a week, and the 
drum turned over every day. Then the liquid may be 
drawn off and will be found to be a good grade of var- 
nish. The drum may be filled again, as the film will last 
for months. The emulsion settles to the bottom as a sort 
of mud, and one must be careful to decant the liquid 
so as to leave the settlings in the barrel. 

The varnish is ideal for glossy, metallic surfaces, par- 
ticularly those that tarnish, such as brasswork, metallic 
paint, copper pipes, ete. 

The metallic paints consist merely of finely divided 
metal mixed with some oil or body which will cement 
them together and to the surface, and then the liquid 
portion will either oxidize or evaporate. The metals con- 
sist of gold, silver, bronze, brass, copper, aluminum, iron, 
and sometimes zinc. These paints must not be confused 
with ordinary paints, which are compounds, such as lead 
oxide (white lead; red lead is another lead oxide), white 
zine (zinc oxide) or copper ship paint, which is copper 
sulphate as a rule. The finely divided metals which go 


to make metallic paints are secured partly by grinding, 
partly by electrolysis, and others are byproducts of some 
other process or industry. The cheaper gilt paints are, 
of course, imitations, but the more expensive ones are 
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pure gold leaf. The leaf is so very thin as to be reason- 
ably cheap, since it takes thousands of them to make a 
pile one inch high. 

Dips are very important to the engineer, because they 
are the principal method of protecting pipe, brasswork, 
etc. Most dips are applied hot. Pipe dips are mostly 
black, and must withstand the action of water, air, 
weather, soil and heat. The coating must be hard and 
glossy, but must not chip or crack, nor run or flow when 
subjected to moderate heat. Such results may be obtained 
with certain grades of coal-tar products, also asphaltum. 
The coal-tar products are affected more easily by heat 
than the asphaltum, but it is important to get the proper 
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grade of asphaltum. Probably the most satisfactory is 
a medium grade of air-blown stock of such hardness as 
will be determined after a few experiments. This asphalt 
should be dissolved in boiled linseed oil in a vat over a 
fire until the mixture contains two parts of molten as- 
phaltum to one of linseed oil. Care must be taken not 
to get the mixture too hot, as the asphaltum will be brittle 
if burned. A fair dip is obtained with only 10 per cent. 
of linseed oil, but the coating is more likely to chip. 
Lacquer for brass work is made in numerous ways, but 
a fair coating can be obtained by dipping in a hot mixture 
of pure linseed oil and pure white rosin melted together. 
Care must be taken that the bath does not take fire. 


Purchase of Coal 


By Morean B. Smitit 


SYNOPSIS—Some factors which ought to be 
considered by the consumer when purchasing coal. 


In connection with the purchase of coal two questions 
arise, both of which may seem odd but which neverthe- 
less bring forward intensely practical answers. The 
first is, why does the consumer purchase coal? and the 
second, how does the consumer purchase coal? The 
first question may be answered by the simple statement 
that the coal is bought for heating purposes. This answer 
is ready and straight to the point; but how about the 
second question—can this be answered as readily as the 
first? Unless the purchaser has been through the mill 
thoroughly he will state that he buys coal from his dealer 
at so much per ton, plus freight charges, and then puts 
it in storage in field or bunkers, or perhaps burns it 
at once in the furnaces. 

It is worth while to consider the answer to the second 
question. There is more involved in the purchase than 
mere tonnage. The purchaser himself admits that it is 
heating value which he desires., Therefore, he should 
look for heating value per ton of coal bought and also 
for nonheating properties in the coal. 

Stop to consider, then, some of the factors to which 
the consumer ought to give attention when purchasing 
coal for his plant. In the first place, he is forced by 
current practice to buy “tons of coal,” regardless of 
the true value to him, unless he is in a position to insist 
upon “heating value per ton of coal.” 

What does this mean to the consumer? It means 
that he is paying for mere weight of coal, for freight 
on mere tons, for handling at the plant of mere tons, 
for crushing mere weight, for storage of weight only, for 
burning weight only and for handling ashes—all based 
upon mere avoirdupois rather than upon heat value. Is 
this common sense or good judgment? Hardly. 

Supposing that he is in a position to insist upon heat- 
ing value in every ton of coal which he purchases, and 
to make his insistence strong by means of the proper 
tests on all coal received at the plant. What then? The 
purchase of coal then becomes a matter, not of mere tons, 
but of heat units per ton or per pound, a measure of the 
coal’s real value. 


When the purchaser has reached this position regarding 
coal, he can then go ahead and by comparative tests select 
the coal best suited to his plant equipment. That coal 
which is by its characteristics best adapted to the con- 
ditions of the plant and the load is the highest grade 
usable, regardless of cost. 

It is customary to state the heat value of coal in terms 
of heat units per unit of weight, generally stated as 
British thermal units per pound (B.t.u. per Ib.) based 
on the sample dried at 105 deg. C. for one hour. Unless 
the exact characteristics of the coal are known, a pound 
of it may have diverse meanings to the buyer. To make 
this clear, the accompanying diagram has been made to 
illustrate graphically how “one pound of coal” may have 
great significance when all costs and efficiency in the 
plant are considered. 

Assume the initial cost at the mines to be the same for 
each of the five coals shown. How much of the total 
cost is productive? Only that portion represented by 
the heat content of the coal purchased. How much of 
the total cost is loss? The difference between the total 
cost and the productive cost. The content of fixed carbon 
and volatile matter is a measure of the productive cost, 
whereas the ash content is the nonproductive cost. Which 
is wanted, heat value or ash? 

No. 1 coal is a purely hypothetical coal, not found in 
nature, but shown here for the sake of comparison only. 
Coals Nos. 2 to 5 are representative of coals on the market 
and show a common range of characteristics. Which 
of these coals will give the best results in cost and 
efficiency in the plant, from mines to bunkers and 
ultimately to the ash dump? Does storage value mean 
anything when, through strikes at the mines or stoppage 
of transportation by floods, the plant is threatened with 
a shutdown? If so, which of the four coals would it be 
preferable to have the bunkers or field filled with in 
such an emergency ? 

The cost does not stop with the original price per ton 
plus freight, for handling, crushing, storing charges on 
the coal and also handling of the resultant ash must 
still be covered. It is generally conceded that coal high 
in ash and sulphur is harder on all handling apparatus 
than a coal of lower ash and sulphur content. The costs 
for upkeep of apparatus will then be in proportion to the 
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wear and tear upon such equipment. In the furnaces 
evolution of heat is the desired output and will vary di- 
rectly with the heat content of the coal used. The higher 
the heat value, the greater the amount of heat liberated, 
all other conditions being similar. Finally there are the 
charges for handling the ashes produced. These costs 
vary directly with the ash content of the original fuel 
burned. 

In general, it may be said that the higher the qual- 
ity of coal which the plant will handle economically, 
the lower will be the costs and the greater the efficiency 
of the plant. It is not necessary that the dealer be held 
to a strict specification of properties of the coal purchased, 
although it is wise for the purchaser to acquaint himself 
with such characteristics and for his own satisfaction 


NO. 1.COAL 
See TOTAL FREIGHT AND HANDLING PRODUCTIVE--------------~---->4 
NO ASH 100 % COMBUSTIBLE 
STORAGE VALUE 100 % > 
NO.2.COAL 
TOTAL FREIGHT AND HANDLING---- ---------------->4 
PRODUCTIVE FREIGHT AND HANDLING-------------~--- + 
8% ASH 92% COMBUSTIBLE 
ASH -- COMBUSTIBLE CONTENT: 
“STORAGE VALUE AND PRODUCTIVE COST ------------~ > 
NO.3.COAL 
FREIGHT AND HANDLING - --------- > 
16% ASH COMBUSTIBLE 
-- STORAGE VALUE AND PRODUCTIVE COST-------------- > 
NO.4.COAL 
TOTAL FREIGHT AND HANDLING------------------ 
<-.-PRODUCTIVE FREIGHT AND HANDLING------------ 
ZZZ 24% ASH 76 % COMBUSTIBLE 
STORAGE VALUE AND PRODUCTIVE COST-----> 
TOTAL COST PER POUND--------------------> 
NO.5.COAL 
< ---PRODUCTIVE FREIGHT AND HANDLING-------->4 
52% ASH 68 % COMBUSTIBLE 
COMBUSTIBLE CONTENT= == 
-- -STORAGE VALUE AND PRODUCTIVE COST-----> 
DiversE MEANINGS OF ONE PouNnD oF 
CONSUMER 


formulate a specified analysis. He will find that daily 
tests on all coal received at the plant, or possibly weekly 
averages, will afford him valuable data, and if he sends 
copies of all such tests to his dealer, he will find himself 
possessed of powerful ammunition with which to con- 
vince the dealer that it is to his interests, as well as those 
of the purchaser, to furnish the coal desired. Such an 
arrangement tends toward mutual satisfaction since it 
places both parties to the contract on an equitable footing. 

The tests which should be made regularly are those 
to determine the heat value per pound of coal as fired, 
ash content as fired and percentage of sulphur. These 
tests give all the required data. Other tests may be made, 
often of value to the consumer, such as the determination 
of fixed carbon and volatile matter. Moisture must al- 
wa\s be determined in order to calculate the coal to the 
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condition “as fired” or net weight of coal burned. These 
are simple tests, and the apparatus is not expensive when 
the results are considered. By all means adopt the 
oxygen-bomb type of calorimeter for determining the heat 
value of coal. Other calorimeters are at best only ap- 
proximate in their results, although cheaper in first cost. 

The purpose has been to point out the real meaning 
of “coal” to the purchaser and consumer and to emphasize 
the fact that only by knowing the fuel can the user reach 
that degree of standardization in his fuel purchase and 
combustion which has been the real factor in producing 
the high efficiency of the modern power plant. It is a 
fact that uniform fuel means uniform and economical 
operation in the plant. 


“ 
Smoke Agitation in Slowville 


Deer power 

i found wun uv yer papers The uther da and i saw 
whare a Hull lot uv ingineers had Rote leters ter yu, so 
i thot ide skrible this wun ter let mi brother ingineers 
no bout the perfeshun doun our Wa. ive bin folerin in- 
gineerin fer nigh Onto 22 yere (not countin the tim i 
hawled gravl fer pete swint). 

ime runin a engin 6 foot by 11 foot not countin the 
brase i had put agin the silinder hed what got kraked 
wun da whil i wuz Out lookin at The cirkus go bi. i 
haint ever mesured the boilr Yit but wil az sune az i kin 
boro a tape Lin. 

mi bos cum down the uther da an toled me he ud jest 
got a Notis frum the antysmok kumitty (witch i gess is 
sumthin lik the temprunce unyon) to kwit makin so 
mutch smok Doun at his spok factry. The bos sed he 
gesst he wud hav to git a nu ortymobil stokr lik the 
Notis sed. 

Now that jes maid me rile Up, caus i lai clame tu bein 
the best stokr fierman Herebouts. i haint extry big, but 
ime stoutern a hors. Why i shuveld 400 lb. uv bug dust 
in mi furnis wun da in 3 minits by Bill jones watch. i 
dident luk ter se if It maid eny smok, but i dont bleve it 
did, fer twuz on a munda i maid the rekard an the widder 
Simpling, just acrost the wa allers Washes on munda 
and she wud ov razed cane if eny sut got on her close. 

The bos kin tri sum wun in mi plase if he wants ter, 
butt he wil be Sory an wish i wuz back cuz i kno rite 
whare ter hit the guvnr ter make er stop evry tim the 
ingin runs Off. 

A feller cum in next da and sed he wuz the smok in- 
spektr an wuz backd up by the mayer. the mayer haint 
no frend uv min and i wudent Vot fer him las spring 
cuz wen he wuz tax inquizitr he stuk me 2$ fer a chocalet- 
culerd dog thet i hed trid ter driv Off fer a yere. 

The inspektr feller sed he gest if mi boilr hed mor draft 
it wudent mak so mutch smoke. i jest up an toled him 
he didnt no his biznes cuz i hed often notisd wen smokin 
mi pipe thet the Harder i suckd the more smok i maid, an 
it stans ter reson a boilr Wil du the saim. he tride 
ter tel me ther wuz a patent furnis what burnd the smok 
an i toled him ter quit foolin cuz yu kant burn nothin 
what yu kant git hold uv. He went out alukin sad liek. 

i ges tha ar tryin ter pla a jok on me lik tha did ter 
the last pol Rasin wen Old judkins sent me bout tu miels 
ter boro old Skinners ski huks. If eny smok feller cums 


roun tryin ter bothr yu, jest thro him out. 
yurs trully Hi Swope 
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Good Specifications 


A specification or written contract should be a bind- 
ing agreement that will hold good in law, and should 
also define or describe so clearly that no doubts can arise, 
when examined in detail, as to the meaning, scope and in- 
tention of the agreement. Simple, direct and comprehen- 
sive language alone will fulfill these needs. No matter 
how complex the idea, some way of expressing the mean- 
ing that will be clear to all parties is always to be found. 
Yet it is the rule, rather than the exception, on contract 
jobs for owners, engineers, inspectors, contractors and 
mechanics to be hindered one or more times by a dispute 
over the interpretation of some clause of the specification. 

At such times it seems as if the ideal contract will 
never be written. Each of the interested parties is able 
to show good reasons for his contradictory interpretation 
of the meaning. The owner justifies his effort to get 
the best class of service and material for the least possible 
expenditure, and the contractor, on his side, strives to 
make the contract call for the least material and labor. 
These opposing interests of owner and contractor are the 
reason for the binding character of the agreement, and 
the frequent ambiguity of meaning may in many cases 
be traced to over-anxiety on the part of the writer to pro- 
duce a document binding in law. 

At the same time these opposing interests call no less 
for clear unambiguous specifications than for legal safe- 
guards for the protection and control of both parties. 
Probably the best way to obtain such specifications is to 
have them written by some disinterested third party who 
is thoroughly familiar with the work to be done, the legal 
demands, and the necessity for perfect clearness. An- 
other method of obtaining clear specifications and one 
which has been receiving considerable attention is the 
use of a uniform standard specification. Where applicable, 
this method appears to be best, the standard form being 
adapted from time to time to agree with an ever widen- 
ing experience. 


An Engineer Needs Judgment 


It is the engineer’s judgment that counts, not only 
in the performance of his duties in the engine room, but 
in his administrative position as the head of an important 
department. 

His vocation is unique in that there is no well de- 
fined term by which to designate it. If it were only a 
matter of keeping boilers and machinery in operation, 
starting and stopping, and looking after details, he 
might be called an attendant, but if he is to be truly suc- 
cessful he must have more than the ability to do these 
things. He must have mechanical ability as a workman, 
as well. This part of his work savors of a trade. He must 
also have a knowledge of mathematics, physics and 
chemistry before his calling takes on the characteristics 
of a profession. 
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Then there are the things learned by experience; they 
are peculiarly the property of the engineer. They in- 
crease his knowledge and better his judgment in his 
routine work, and that is a strong point, but his know- 
ledge cannot stop here. It must extend to the executive 
end of his duties and covers what is now a very important 
part, and what is fast becoming more important—the 
business part of his work. To know what is best in his 
plant to get results, that is what the employer wants, 
and it requires a knowledge of uptodate equipment of 
apparatus, appliances and devices, as furnished by trade 
papers, circulars and catalogs and by personal investiga- 
tion, and finally, it requires good judgment in the selec- 
tion of those best suited to the conditions of his own plant. 

A man may have all this at his command, but the 
“what” and “when” in the matter figure largely. He must 
work in harmony with the powers that be. A proposition 
that might not receive encouragement at one time might 
be sought for at another. The management has other 
things to look after besides the power end, and the engi- 
neer must use good judgment in his relations therewith. 
Knowledge and experience improve judgment, and they 
are both valuable assets to the engineer. 


Engineering Points in Court 
Decisions 


The doings of the civil courts are thought by many en- 
gineers to be about as uninteresting as any human activ- 
ity can be. That this is a mistake will be discovered by any- 
one who will take the trouble to glance through a few 
volumes of decisions handed down by the supreme court 
of any state having a large industrial population. Scat- 
tered through the pages of these publications are many 
absorbing “stories” of both human and scientific interest, 
and the engineer who has never made the acquaintance of 
opinions of this kind will do well to look into the subject 
the next time he is in a public library or within visiting 
range of a courthouse. 

Naturally, the chief engineering interest centers in those 
decisions which bear most directly upon accidents, except 
in the findings of the Federal courts, where patent deci- 
sions of the most absorbing technical significance may be 
found. By and large, these decisions contain clear-cut 
statements of the circumstances surrounding accidents in 
the plant and on the field which are often instructive in 
suggesting ways of avoiding the recurrence of trouble, 
and which almost invariably assign responsibility in a 
way which appeals powerfully to men with the reasoning 
powers of engineers. It is surprising how soon one can 
acquire the knack of scanning decisions of this kind for 
material of technical importance from the engineering or 
operating standpoints, and the excellent indexes which 
these volumes generally have are most helpful. 

Without attempting to list the topics treated in the 
findings of the higher courts, it may be noted that these 
include explosions, short-circuits in electrical generating 
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equipment, accidents on transportation and distributing 
systems, failures of material due to defective manufac- 
ture, the results of negligence in dealing with high-ten- 
sion conductors, omission of safeguards on and around 
machinery, failure to live up to the terms of contracts, 
oversights in the erection and use of structures, tools and 
forms for concrete molding, the value of new ideas in 
equipment design and arrangement, and a host of other 
matters which make very interesting reading, entirely 
apart from the discussions of legal problems which neces- 
sarily go with the setting forth of facts and the interpre- 
tation of their relations to one another. Especially in the 
patent cases is one likely to find engineering points of 
note, since expert testimony is usually brought into the 
proceedings and the analysis of equipment designs car- 
ried to extraordinary lengths. 

The study of court decisions bearing upon engineering 
questions is well worth the while of men of technical 
training and occupation, and it is a pity that so many en- 
gineers fail to realize the interest and instructive value 
of the material hidden away in such opinions. Court de- 
cisions will never rank among the “best sellers,” but no 
greater mistake could be made than to assume that they 
are too dry to be worth scanning except in cases with 
which one has personal associations. If one does nothing 
further we would advise at least the reading of the di- 
gests of cases of engineering interest which appear from 
time to time in our department, “Recent Court De- 
cisions.” 


Analyzing the Plant’s Condition 


It is always gratifying to the editors to know that 
readers have made practical use of matter which has ap- 
peared in PoweEr’s pages. Under the same heading as this 
editorial, on page 239 is the report of a reader on his 
plant, as examined according to the questions in the fore- 
word, “A New Year’s Letter,” which appeared in the 
issue of January nineteen. 

Incidentally, Mr. Hawkins is to be complimented on 
the excellent showing which his plant made. We are sat- 
isfied, however, that it was not for the purpose of elicit- 
ing praise for himself or his plant that he sent us this 
report with his permission to print it, justifiable as may 
be his pride in the condition found. Rather do we be- 
lieve that he is sincere in hoping that the idea may be 
of value to others who would take it as a suggestion to 
measure their own plants, not so much to discover how 
well they have done, but wherein they may make improve- 
ments. 

In his own case it would appear that Mr. Hawkins has 
been frank in his criticism of things that are not all that 
they might be, and it is in this direction that we feel he 
and all who try the test will derive the most benefit. In 
fact, it was our purpose in printing the New Year's let- 
ter to have it bring to mind all of the points upon which 
an examination of a plant is desirable. While most of 
them would occur to any painstaking engineer, a few 
might easily be overlooked. 

The scheme of marking or grading the condition by 
percentages for each question was rather original and has 
its value to any individual, as it affords comparable fig- 
ures. It would not, however, serve as a basis for compar- 
ing different plants, at any rate not unless the marking 
were done by the same person, on account of the personal 
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factor entering in. No two people would judge alike. 
Further, as Mr. Hawkins pointed out, the average per- 
centage of the plant as a whole is not fair while equa! 
weights are allowed to each question and answer. Ty. 
carry out that plan relative importance of one thing to 
another should be taken into consideration. It is also 
evident that two different plants could not be justly com- 
pared without some modification of the marking system. 
The scheme does have value, however, in comparing th: 
condition of the same plant from year to year. 

We believe that good may come from a discussion of 
the idea and will welcome suggestions for elaborating 
or improving upon the method of plant analysis. 


Soot 


Soot lowers the heat-absorbing efficiency of boiler- 
heating surfaces! Soot obstructs the passage of the prod- 
ucts of combustion! Soot is a direct cause of corrosion! 
And soot is smoke! Altogether, soot is the undesirable 
of the boiler plant, an enemy of efficiency that is always 
present and cannot be entirely eliminated, but must be 
limited if economy in steam generation is to be realized. 

As a destroyer of boiler efficiency, soot is more potent 
than would be five times the thickness of asbestos spread 
over the heating surfaces. In obstructing the passage of 
gases it not only reduces the area of free passage, but 
the soot clinging to the heating surface has a marked 
retarding effect on the flow of the gases in proximity to 
the heating surfaces, thus further reducing the rate of 
heat transfer to boiler contents. Corrosion of boiler tubes 
and surfaces is accelerated by deposits of soot, either 
through electrolytic action or the eating away of the metal 
by the sulphur constituents that are present, to some ex- 
tent, in all soot. Then soot contains, or is, practically 
all the visible, wasteful and objectionable constituents 
of smoke. Within the furnace, boiler and flues soot is 
merely soot; issuing from the chimney it is black smoke. 

Suppose that, as some claim, one thirty-second inch of 
soot on the heating surfaces produces as great a loss as 
blowing out a pound of steam for every ten pounds gen- 
erated. Steam escaping into a boiler room at any such 
rate would soon make it impossible for the fireman to re- 
main near his boiler and would be such an evident sign 
of waste that it would not be countenanced in any plant, 
no matter how slipshod its operation. Nevertheless, a 
mean thickness of one thirty-second inch of soot may be 
found on the heating surfaces of many a boiler—it will 
frequently collect in ten hours’ operation. Again, assume 
that a three-sixteenth-inch coating would be as detri- 
mental to efficient operation as throwing away seven 
pounds of steam for every ten pounds generated, which. 
if allowed to escape into the boiler room, would quickly 
scald to death the boiler-room force or bring about their 
asphyxiation. Three-sixteenths inch of soot is rarely found 
clinging to all heating surfaces, it is true, but such ac- 
cumulation is not unknown in out of the way corners 
of the boiler, corners that are difficult to cleanse of soot. 

Perfect combustion of fuel would be the only way of 
eliminating soot. This being impossible of realization, 
every means of improving combustion must be taken and 
the heating surface of the boiler frequently cleaned. 
Too great efforts to prevent soot accumulation cannot be 
made, for it surely and continually settles on every surface 
that lies in the path of the products of combustion. 
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A Short Cut in PacKing 


One way to cut down Sunday work is to have packing 
ready cut and prepared to fit each gland. It should 
he kept in boxes labeled with the size and the rod it is 
cut for. It is also a good plan to keep the packing hooks 
on a rack in the same locker, then with a good heavy 
pair of gauntlet gloves an extra ring of packing can be 
slipped in during the noon hour. When a job of this 
kind is to be done in a limited time, it is most important 
io have everything ready before the machine is shut down. 
Then, just as soon as the machine is stopped, get busy. 
The heavy gloves protect the hands, and with all the 
tools laid out within reach and in order, the job does not 
take long. 

A. D. 

Cleveland, Ohio. 


Analyzing the Plant’s Condition 


As I read the “New Year’s Letter” on the first page 
of the issue of Jan. 19, I mentally answered the questions 
asked, as they applied to our own plant, and after finish- 
ing the letter the question arose in my mind, “Assuming 
the best practical operating conditions to be 100 per cent., 
what percentage, as an average, will our plant show ?” The 
result of this self examination was interesting, and the 
method in which it was made may be of use to others de- 
siring. to make the same test. Each question was con- 
sidered on its own merits, keeping in mind as a standard 
the best practices as advocated in the columns of Power 
during the past year. 


2. Is the brickwork in good condition, and are all 
eracks and unnecessary openings air-tight? Some cracks 
3. Is the feed-water heater clean and working effi- 
ciently, and is the water as hot as possible? The heater 
is clean, but not of an efficient type. Exhaust is also 
used for heating the building, and hotter feed water 
would mean more live steam for the building. Could be 
4. In water-tube boilers do we know that the baffling 
is tight and that the gases are not short-circuited 


directly to the stack? YeB.......ccccccccccccsessesceses 100 
5. Are we sure that all blowoff valves are tight and 
that we are not blowing down too much? Yes......... 100 


6. Are our dampers working, and do we use them 
instead of closing the front doors on hand-fired boilers, 
allowing cold air to filter through the brickwork, etc., 
or on stoker-fired boilers allow the fires to burn down 
too low? No. Dampers are not properly used. Draft 
is controlled by speed of stoker engine and fan, and is’ 


7. Are we carrying a steady maximum steam pres- 


8. Are all our grates, gages, flue cleaners and other 
boiler- and engine-room tools and auxiliaries kept in 


proper condition? 100 
9. Have the soot and ashes been cleaned out of the 

base of the stack and combustion chamber? Yes........ 100 
10. Do we know that our draft is the maximum pos- 

sible under the existing conditions? It is too high...... 98 


12. Are the engines operated as economically as pos- 
sible under the existing conditions? Yes..........+++.+. 100 
13. Do the pistons leak? NO.......e-ssceserereereees 100 

_ 14. Do the valves leak; are they properly set? There 
is no leakage, and they are properly set..........++-+++ 100 


15. Ts there any undue loss of pressure between the 
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_ 16 Ts there any steam loss from leakage in steam 


17. Is the back pressure on the exhaust a minimum? 
Could be lower in winter, but would give no better 
economy, aS engines are not intended to operate on a 


18. Are all steam traps in good condition, or are 
valve seats cut, floats collapsed or other parts defective? 
Holly drain system is used, with very few traps; these 


are in good condition and do not leak............0eee00- 100 
19. Are all exposed surfaces subjected to loss of heat 
by radiation covered? Yes, except pipe flanges......... 94 


20. Do we know that all valves on steam lines and 
all drain valves are tight and in good condition? Yes.. 100 


21. Are all drains from oil separators, heaters, piping, 
etc., clear im good order? 100 
22. Are we using the proper auxiliaries to keep the 
feed-water temperature at a maximum, and are motor- 
driven auxiliaries operated under a maximum efficiency? 
In winter, yes. In summer we could do better with a 
more efficient type of feed-water heater, as the exhaust 
is ose and the temperature of feed-water in summer 
is low 


23. Have we the maximum vacuum possible with the 
present temperature of water, barometric head, and water 
supply? No, a higher vacuum could be carried in winter, 
but more live steam would be used. In summer engines 


24. Do we keep the maximum load factor on all appar- 
atus in use? Yes, on boilers, but engines operate a 
great deal of the time underloaded. Have one more unit 
than is needed and smallest unit is too large for the light 


load at night. Only one is used at a time............... 80 
25. Do we try to keep down the cost of supplies such 

as lamps, oil, waste, packing, etc.? Yes................ 100 
26. Do we know that our apparatus and station light 

and wiring are in safe condition? Ycs..............06: 100 
27. Have we fire extinguishers and fire hose on hand 


28. Have we taken all precautions to prevent accident 
by protecting all openings by railings, inspecting ladders 
to see that they are safe, looking after all weights or 
other heavy parts that may be suspended from above, 
seeing to it that all pulleys, blocks, tackle chains, and 
other tools are in proper Order? TOS... 98 


29. Are there any oily or slippery places in or around 
the plant, or any piping or apparatus in use that is 
showing signs of strain? No, except high pressure in 
feed line due to leaking pump governor................. 98 


30. Are high-tension apparatus, switchboards and all 
exposed wiring properly guarded and danger signs used 
where necessary? All wiring is protected by guards ex- 
cept front of generator switchboard, and wide space 
back of distribution switchboard is used for storage of 


31. Have we prepared for extreme weather conditions 
in the way of ice, floods, lightning, etc.? es 

32. Have we taken care of the effects of high wind 
and rains on our stacks, windows, roofs, etc.? yes, 
except main sewer from building is too small and causes 
water to back up through plumbing fixtures on basement 
floors during very hard and long rains..........eeeeeee8 95 


33. Do we keep accurate records of the operation of 
the power plant and other machinery? Yes, but could be 


34. Is the operation of the plant harmonious, the men 
satisfied with their work and with each other, and with 


35. What is the general appearance of the plant; is 
it kept clean, with bright work polished, floors clean 
and all machinery clean? YeB.....cccccccccisscccsccecs 100 

Adding the percentages for each item and taking the 
average, we get a general average of 97 per cent., or in 
other words, the general condition of the plant taken as 
a whole has a rating of 97 per cent. of the best practical 
operating conditions that could be obtained in a plant of 
this character. The nature of the work is that of an 
office-building plant. We have a greater engine capacity 
than is required and could get along just as well with one 
less engine. The other equipment is all required to pro- 
vide continuous operation. The lowest percentage of any 
part of the equipment is in the furnaces, which could be 
improved by installing a better means of controlling the 
draft and by operating the blower continuously at a uni- 
form speed, with the dampers partly closed at times. 
There are some other changes that could be made to im- 
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prove the efficiency, but would require a change of the 
equipment in use at present. 

This test, if honestly made, is interesting, and of bene- 
fit in checking the general condition of the plant at the 
end of the year. If it were made at the beginning of 
each year it would give the engineer an efficient means of 
telling whether the condition of the plant was getting 
worse or better, as compared with previous examinations. 

It has the disadvantage that a low percentage in the 
boiler efficiency would be more expensive than a low per- 
centage in the condition of the fire extinguishers, for in- 
stance, but would not show in the general average unless 
the several percentages were multiplied by their relative 
importance. 

I would like to know what other engineers think of this 


‘self examination, which I admit is not absolutely correct 


from all points of view, and what they would suggest to 
improve it. 
J. C. Hawkrns. 

Hyattsville, Md. 

Live-Steam Ash Ejector 

In regard to the unsatisfactory ash ejector described 
in the issue of Dec. 22, 1914, p. 889, I would suggest that 
if Mr. Clark will advance his steam nozzle to about 16 
in. beyond the intake of his ejector, or, in other words, 
4 2 ‘Live steam pipe 
at /45 Ib gage pressure 


Whistle 
Valve 


Ash intake hole 
about 8 "in diam. 


Bg Pipe 38 Long 


2"Pipe nozzled to 
lat discharge 


ror Asi 


beyond the bottom of the ash hopper, and use a 2-in. 
steam pipe nozzled down to 1 in. at the discharge in- 
stead of a bell nozzle, and entirely close the end of his 
larger pipe where the steam pipe enters, he will undoubt- 
edly eliminate his ejector troubles. 

In a plant where I was once employed we had almost 
the same trouble, and changed it to something like the 
inclosed illustration, and the ejector worked very well; 
but it did not have the capacity needed for the four boil- 
ers, which it was intended for, so we made two of them 
and the trouble was ended. 

H. L. Burns. 

Oran, Mo. 


I think if E. H. Clark would change the plan of 
piping a little and increase the size of the steam pipe 
the ejector would: probably be a success. In his arrange- 
ment I believe the steam helped to clog the pipe instead 
of clearing it. 

In the arrangement shown in the accompanying illus- 
tration, the steam jet creates a suction in the pipe 4, 
which pulls the ashes from the hopper, and they have a 


high velocity when they reach the nozzle which blows 


them on through the pipe. If the end of the pipe were 
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not open the ashes fed into the hopper would clog up 

I know of an arrangement similar to this one, which 
is in successful operation, and I think it is worth a trial. 
as it would only require a Y-fitting in the present line 


HOPPER 


ANOTHER STEAM AsH EJECTOR 


a few feet ahead of the hopper and a larger steam pipe 
with a single nozzle—one made of brass I think is the best. 
The pipe line must be air-tight back of the nozzle except 
at the open end, as noted. 
G. CLEVENSTINE. 
Pottstown, Penn. 


Motor Had One Terminal 


Where motors or generators may be required to oper- 
ate in either direction, both the armature terminals and 
the field terminals are brought to the outside of the frame 
for convenience in connecting. Shunt- and compound- 
wound machines may have four, three or two terminals 
brought to the outside. Where there are four, all con- 
nections are to be made outside, and where there are three, 


A AIF ALF 
Fig. 1. Fig. 2. Fig. 3. 


one armature terminal and one shunt-field terminal are 
connected inside, as indicated in Fig. 1. This connection 
may be found on generators, the rotative direction of 
which has been specified. Where there is but one pair of 
leads issuing from the frame, it means that the arma- 
ture terminals and field terminals have been paired 
and connected inside the motor, as indicated in Fig. 2. 
Such a connection is never found on machines as received 
from the makers, because, in the case of a motor, it would 
require starting with the shunt field short-circuited by 
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‘he armature ; and, in the case of a generator, there would 
be no convenient way of cutting in the field rheostat. 

The limit in terminal economy was reached in the case 
of a series motor operating a line of shop shafting. The 
motor apparently had but one terminal; that is, only one 
terminal issued from it. This condition had passed un- 
noticed until the motor developed an open circuit which 
lad to be located. The motor was supported by an iron 
shelf bolted to the iron building, traversed by the car 
tracks and, upon disassembling, it was found that one 
armature terminal had been connected to one end of the 
series field and the other armature terminal was brought 
out for external connection, as indicated in Fig. 3. In- 
stead of the other end of the series field being brought 
to the outside of the motor, it was connected to one of 
the iron field shells with a bolt and the connection taped 
over, so that it could not be seen. The open circuit 
was due to the bolt having loosened and burned off. 

J. A. Horton, 
Schenectady, N. Y. 


Compressor Gaskets 


In the Noy. 10 issue, Christian L. Hern inquires for 
a suitable gasket for ammonia-compressor valves. I have 
had satisfactory results with gaskets made from pure tin 
or from solder, half tin and half lead. Make this up in 
the shape of a cylinder by forming up sheet metal an 
inch or so larger in diameter than the gasket and six | 
or eight inches long. Inside of this use a mandrel about 
14 in. smaller than the gasket. After pouring, chuck 
in a lathe, bore and turn to the inside and outside dia- 
meters of the gasket and then cut off to the proper thick- 
ness. These gaskets have always made tight and lasting 
joints for me. 

Perry Losu. 

Muncie, Ind. 

Safety-Valve Specifications 

The article in the Jan. 19 issue, page 81, under the 
above heading, brings out a number of interesting points 
in the proposed boiler code of the A. 8. M. E. It would 
appear that these specifications, formulated by the manu- 
facturers of safety valves, represent the best modern 
practice embodying the combined experience and judg- 
ment of those who have had the best opportunities for 
studying the subject. While in the main the specifications 
cover the subject in an excellent manner, there are several 
points which, looking at the matter from a_ practical 
standpoint, seem a handicap to the code and impossible of 
fulfillment. 

Assuming that the code is adopted and placed before 
the legislature of a state, the promoters of the bill will 
have a hard enough row to hoe to convince steam users 
and other taxpayers of the desirability of legislation along 
these lines as a public safeguard. It will be hard to 
convinee legislators in states where boiler laws similar to 
the proposed code are now in force that anything will be 
gained by discarding the present rules in regard to safety 
valves and adopting the code rules. Other states which 
night be favorably disposed toward this legislation would 
await the action of the states which now have boiler 
rules and, undoubtedly, would act along the same lines 
as the pioneers. It would seem, therefore, that in loading 
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the code with fine-spun theories and lofty ideals the 
safety-valve manufacturers have not given full considera- 
tion to the practical side of the matter. 

In the proposed code the size of a pop safety valve 
for a boiler is based on the discharge capacity of the 
valve. To determine this capacity it is necessary to take 
into consideration the total weight, in pounds, of fuel 
burned per hour at time of maximum forcing, the heat 
of combustion in B.t.u. per Ib. of fuel used, diameter 
of the valve seat in inches, the vertical lift of the valve 
disk measured immediately after the sudden lift due to 
the pop, and the absolute boiler pressure per sq.in., or 
gage pressure plus 14.7 lb. 

A study of these requirements suggests many interest- 
ing questions which affect the practical application of 
this rule. How can it be determined when a boiler is 
being forced to its maximum capacity? Take, for ex- 
ample, a hand-fired return tubular boiler on which a good 
fireman with high-grade fuel is having a struggle to 
maintain steam pressure. Now, if an automatic stoker 
were installed on this boiler, more work could be obtained 
from it before the same conditions would obtain. It 
might be that several types of stoker would be tried out, 
each doing a little more work than the one preceding it, 
before the right one was found. In each case, however, 
the boiler or, rather, the furnace would have reached its 
maximum capacity and, undoubtedly, the safety valve 
would have been changed each time. Take the case of a 
locomotive, in which the maximum capacity is only at- 
tained when the engine is being worked. In this case the 
greater part of the steam goes through the engine and 
the safety valves are never called upon to take care of 
the maximum evaporation of the boiler. 

The heat of combustion of the fuel would, of course, 
be determined by calculations from a chemical analysis 
or by burning a sample in a calorimeter. If fuel is 
tested today there is no assurance that subsequent tests 
would not show a higher value, possibly to such an extent 
that a change of valves might be required to conform to 
the code. A great many steam plants have no coal-storage 
capacity, and the coal is delivered day by day as required, 
and many an engineer can tell without a calorimeter 
that the heating value of the coal varies load by load. 

In the case of a number of paper mills in the Middle 
West, the principal fuel is “hog feed,” or wood chips. 
The boilers are equipped with stokers which are always 
ready to go into service automatically if the supply of 
wood fuel decreases and the steam pressure tends to fall. 
In one of these plants they have six 90-in. by 20-ft. 
tubular boilers, and burn about five tons of coal a week 
in addition to the wood fuel. Now, under the code the 
safety valves would have to be proportioned, not on the 
normal conditions, but on the theory that the boilers 
were being forced at all times to their maximum with 
coal as fuel. Many similar instances could be cited where 
it is frequently found necessary to make a quick change 
in the nature of the fuel. 

The vertical lift of a safety-valve disk can be deter- 
mined by a laboratory test involving delicate registering 
and recording instruments. If the valve lifts a certain 
amount, expressed in thousandths of an inch, today, what 
assurance is there that it would not lift a few thousandths 
of an inch more or less tomorrow, making the test 
valueless ? 

At the top of page 39 of the code, a table of values is 
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given, which may be assumed as the heat of combustion. 


of various fuels. If it is fair to assume this value, why 
not assume a value for each of the other variants in the 
rule or formula, which would bring us back very closely 
to the rule now in use in Massachusetts and Ohio? This 
could be modified, if necessary, by the addition of the 
paragraph in the rules of Ontario and other Canadian 
provinces which provides that, when considered necessary, 
the safety valves shall be tested under full steam and full 
fires for at least fifteen minutes with feed water shut off 
and stop valve closed; if the accumulation of pressure 
exceeds 10 per cent. of the working pressure of the boiler, 
a larger safety valve must be substituted. 

By this means the whole purpose of a safety valve 
would be fulfilled and steam users, inspectors, and boiler 
‘manufacturers would have a reasonable idea as to where 
they stood on the safety-valve proposition. 

Gro. E. PERKINS. 

Brooklyn, N. Y. 


Neglected to ‘Change Field 
Connections 


In taking off some indicator diagrams from an engine 
we had occasion to put on an additional load. For this 
purpose it was decided to run a small turbine set as a 
motor. The main generator and the turbine set had been 
so arranged that they could be connected in parallel if 
desired, and an adjustable resistance was inserted in the 


TT 


Switch No2 
‘the 
| 


CONNECTIONS BETWEEN THE Two MACHINES 


armature circuit of the turbine set at Y to limit the flow 
of current when starting as a motor. 

When switch No. 2 was closed and the resistance grad- 
ually cut out, the resulting current flow was so great 
that the belt driving the main generator began to slip; 
finally, it came off. The trouble was at once laid to a 
short-cireuit in the turbine-generator circuit running to 
the switchboard. Testing out showed the circuit to be 
free from shorts, and after carefully looking over the 
field connections of the turbine set, it was found that the 
series field connections A and B had not been reversed for 
operation as a motor. 

The turbine-generator had a large series field effect. 
When the switch was closed and the resistance was being 
cut out, the current, flowing through the series field in an 
opposite direction, produced a differential action and 
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neutralized the flux produced by the shunt field. As tiie 
torque is the product of the field strength and that 0: 
the armature, and the starting torque required was large 
the armature revolved very slowly. Hence, the counter- 
electromotive force was low and permitted abnormal cur. 
rent through the armature. 

After the necessary changes were made no more trou)h): 
was had and the engine tests were made with excellen: 
results. 

Cart E, EIsMANN. 

Rexford, N. Y. 

Lack of Synchronism in Check- 
Valve Action 


Referring to the article in the issue of Jan. 12, page 
48, under the above caption, it appears that the final 
arrangement, which gave satisfactory results, was to leave 
the four heated vessels connected to a main return line 
with only one check valve in the same. 


Blowof 


Stop Valve 
Check 
Return- = 
D> | 


Blowoff> 
Proposep RETURNS 
As regards the Massachusetts rules, which propose to 


require a separate check valve in each return line for heat- 
ing boilers connected two or more in a battery and fired 


‘independently, it would seem that there is no analogy 


between this proposed method of connecting boilers and 
the boiler in question, which furnished four unfired ves- 
sels with steam. 

In the case where one check valve is used on the main 
return line, if one boiler is furnishing most of the steam, 
while the fire under the other is banked, the water will 
tend to flow through the return connection away from the 
boiler which does the work, due to the slightly higher 
steam pressure. The function of separate check valves in 
each return line is to prevent this. The illustration show: 
how the connections should be made. With separate checks 
in each return line, the water level in the boilers will 
vary with the rate at which each boiler is forced, but 
would, however, be controlled by the stop valves shown. 
similar to the ordinary feed valve, so that if the check 
valves did not work in synchronism it would make no 
material difference, for the water level would be controlled 
entirely by the stop valves. 

A. W. MacNass. 


Newark, N. J. 

| Regulating the water level by stop valves as suggested, 
would require someone in constant attendance, which is 
not often the case with small heating plants——EprTor. ] 
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Record Keeping in the Power Plant 


SYNOPSIS—The importance of keeping accurate 
daily records and the necessity of analyzing and 
comparing them. Losses which would otherwise 
go by undetected are discovered and the saving in 
the course of a year is well worth the trouble. 


Occasionally one finds a plant in which fairly complete 
daily records are kept and a capable man in the capacity of 
supervising engineer to make daily comparisons of oper- 
ation of the furnaces, boilers, engines, generators, etc., but it 
is probably an exception to the rule, particularly in the 
smaller or medium-sized plants. 

It is usually difficult, and frequently impossible, for an en- 
gineer to persuade his manager to furnish him with the nec- 
essary instruments and devices to make daily tests on oper- 
ating conditions, and the necessary printed forms on which 
to record the data for purposes of comparison and for detect- 
ing the location, or even the existence, of preventable losses. 
Yet the writer’s experience with several plants has proven 
that the savings made in one month as a result of the daily 
tests and records frequently will pay for all the additional ex- 
penses incurred within a year. 

In nearly all plants managed by the writer he has insisted 
on installing scales to weigh all coal as used and the ashes 
daily, a water meter in the boiler feed line to measure all 
water fed to the boilers, a kilowatt-hour recording meter to 
measure electrical output, and suitable printed forms on 
which to record the daily records of pounds of water evapo- 
rated per pound of fuel, pounds of refuse from furnaces and 
its percentage to the total fuel, pounds of fuel consumed, 
rate of combustion, electrical output, pounds of fuel per kilo- 
watt-hour, boiler output in horsepower hours of operation, 
steam pressure carried from recording gages, and similar data 
which local conditions would suggest. 

These records should be as complete as the nature of the 
plant justifies; some types of plant naturally require more 
data than others, but in all cases sufficient data should be re- 
corded to make daily comparisons of value in detecting losses 
which may arise within the course of a few hours. 

From these daily records suppose it is noticed that the 
boilers evaporated 6 lb. of water per pound of fuel today, 
while yesterday 7 lb. was evaporated; there is a cause for 
this difference, and the right kind of a man will not be 
satisfied until he finds it. It may be due to a new car of 
fuel, the quality of which is not as good as the former car; 
perhaps the firemen were “too busy” to scrape the boiler 
flues. Show them how to be more systematic, so that they 
will always have time for this work and show them con- 
clusively that you know what is going on in the boiler room 
and cannot be fooled. Perhaps the load was lighter—then 
take the matter up with the works manager and try to per- 
suade him to balance his operating conditions to better ad- 
vantage. Some boiler plants are so located with relation to 
adjoining buildings that when the wind is from certain di- 
rections the draft is affected, materially reducing the furnace 
efficiencies. Notice from the records if this applies to your 
case; if so, estimate the losses during a month from this 
cause and then figure out how long it would take the pos- 
sible savings to pay for an addition of 50 ft. to the stack. 
Then put it up to the general manager. There is always a 
cause for every effect; the records show the effect, and it is 
up to you to locate the cause and remove it as soon as pos- 
sible. 

Suppose the records show the number of pounds of fuel per 
kilowatt-hour to have been six yesterday and four for the 
day before; why this difference? Assuming the load conditions 
and the boiler evaporation to be the same for the two days, 
there evidently has occurred a change in the engine economy. 
This may be due to one or several things; get busy and find 
the cause. 

It is not always easy to locate the immediate cause of 
these variable losses, but daily analysis of operating perform- 
ances will soon make a man quick in running down the 
trouble and will train him to take the necessary steps to 
prevent their recurrence. 

The knowledge that someone is daily going over the oper- 
ating records also has a decided effect on the engineer and 


*From a paper by S. J. H. White presented at the annual 
convention of the Indiana Engineering Society in Indianapolis, 
Ind., Jan. 21 to 28, 1915 


fireman. At first these men usually resent the idea of be- 
ing so closely watched, but by taking them into your confi- 
dence, showing them the various records, complimenting them 
upon securing better results, and consulting with them in the 
effort to locate undue losses, they soon learn and realize that 
this watching is of personal benefit to themselves and adds to 
their store of knowledge. Usually, there will be voluntary 
competition between shifts and between neighboring plants 
to see who can get the most work out of a pound of fuel. 

Of course, the writer has found men who resorted to 
tricks to fool him. One fireman thought that blowing off the 
boilers at light-load periods and letting in fresh water would 
raise the rate of evaporation. It did slightly, and sufficiently 
to start an investigation of the steam consumption of the 
engine, as at first it appeared that it was taking more steam 
than ordinarily. The engineer, of course, was notified of an 
apparent loss of economy in his engine, and after checking 
the rate carefully he became busy in trying to solve the pe- 
culiar problem of the boilers’ apparently generating more 
steam than the plant was consuming. He found the cause and 
discharged the fireman. 

Another fireman was complimented when his rate of evap- 
oration showed an improvement. By permitting the safety 
valve to open frequently he raised the rate of evaporation, 
but wasted fuel in doing so. Two or three days’ record were 
sufficient to put a stop to this practice. 

The writer believes in frequent testing for line-shafting 
losses. The tests are simple and inexpensive, especially in 
case the plant is group-driven by electric motors. The daily 
hunting for preventable losses is less expensive than the 
ignoring of them. The load conditions seriously affect the 
efficiencies of furnaces, boilers, and practically all engines. 
It is desirable to pay attention to this point and attempt to 
persuade the works manager to better balance his production 
departments. One hour or day the power plant may be 
seriously overtaxed, while the next hour or day it may be 
carrying a decided underload. Usually, these conditions can 
be avoided or at least improved upon. 

A few years ago the writer took charge, as supervising 
engineer, of an isolated plant which was entirely too large 
for the work required. The load factor at that time was 
about 18 per cent. of the engine and generator rating, and as 
a result the losses were large. The engine was a simple Cor- 
liss, belted to an alternating-current generator, and the boil- 
ers were of the regular horizontal return-tubular high-pres- 
sure type. The engine was operated at 108 r.p.m., but an order 
was issued immediately for the proper pulleys for the gen- 
erator, engine and governor to drop the speed to 82 r.p.m. 
The result was a saving of 25 per cent. in coal consump- 
tion. The only apparent solution for better economy was 
more load. The shop was fully equipped with men and ma- 
chinery, so there was no chance for more load here. The rate 
of evaporation of the boilers was approximately 3 lb. of wa- 
ter per pound of coal. Evidently, then, there was a chance 
for improvement in the boiler room. 

Gas was used for heating the baking ovens in the japan- 
ning department, and the writer designed and built in the 
shop an electric oven. It was so successful that six more 
were built within a short time. This electric-oven load was 
just what was needed to bring the load factor up to 41.4 per 
cent. of the plant rating, and gave the boilers more work to 
do, with the result that the evaporation increased to 6.5 or 7 
lb. of water per pound of fuel. As the rate of evaporation 
more than doubled with this increased load, it required actu- 
ally less fuel to operate the plant and saved between five and 
six dollars for gas per day. 

There was still a loss not located, and it was logical to ex- 
pect it to be in the furnace. Each furnace had 30 sq.ft. of 
grate area, and tests showed that the rate of evaporation 
was highest, other things being equal, when from 18 to 20 
Ib. of screenings were consumed per square foot of grate per 
hour; a decrease in this rate of combustion, or an increase, 
lowered the rate of evaporation, the latter showing a greater 
loss. 

Previous tests on the boilers showed that their evap- 
orative efficiency fell rapidly from half load to no load, 
while the curve of evaporation from one-half to 14% load was 
fairly flat. As the load was sufficient to require in one boiler 
a combustion rate of about 35 to 40 lb. of fuel per square foot 
of grate, the furnace efficiency was low. If both boilers were 
operated to gain in furnace efficiency, the boilers were so 
underloaded that they showed poor efficiency. Evidently, it 
was a question of increasing the height of the stack, using 
forced draft, or adding to the grate area, 

A higher stack or a suitable forced-draft system would 
have increased the economical rate of combustion, but the tn- 
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crease in grate area seemed worthy of trial, and new grates 
having an area of 36 sq.ft. were installed in one furnace. 
This resulted in some saving during the daytime, but at 
night, when the load was light, the losses were greater than 
with the smaller grate area. The net gain, however, was con- 
siderable. 

At this time the company was contemplating moving to 
another city, so that the writer did not recommend a higher 
stack, which, after all, was the proper solution of the prob- 
lem, as it is in a great many plants. 

The daily losses detected and removed by a careful survey 
of the records amounted to over $1000 per year on coal 
costs alone, with an output of approximately 231,000 kw.-hr. 
This reduces to 4.3 mills per kw.-hr. and is about 31 per cent. 
of the total cost of production, including fixed charges, or 
about 70 per cent. of the cost per kilowatt-hour for fuel, 
labor, oil and waste only. The cost per kilowatt-hour during 
1913 in this plant, including fixed charges of 14 per cent. on 
the investment, fuel, labor, oil and waste, was $0.014. In view 
_of the fact that the load factor was only 31.4 per cent. of 
rating, the writer considers this an excellent record, and one 
which it is possible to make only by the closest supervision. 
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The weighing of coal proved to be valuable in another way. 
The management closed a contract for coal with a certain 
dealer. The writer detected a decided difference in the 
quality of the coal and a shortage of weight after the third 
car had been shipped on this contract. He réported the 
matter and made complaint, but the matter was not at- 
tended to as it should have been. Inside of a short time 
the company had been billed with 70,000 lb. of coal which it 
had not received. In other words, the weights on the bills had 
apparently been raised 10,000 lb. per car, and further, the 
coal was not shipped from the mine specified in the contract. 
The daily records showed this up clearly. Without them, how 
much would have been lost on short weights alone in a year’s 
time, to say nothing of the losses resulting from the rate 
of evaporation dropping from 6.5 to 4.5 lb.? The contract was 
canceled, and coal was purchased elsewhere of a much better 
quality on a square-deal basis. 

The facts given show that it pays to keep records. Never 
be satisfied with results which may seem good, but which may 
possibly be improved upon. In all lines of work continual 
digging is the only successful way to secure the best re- 
sults. 


Watt-Hour Meter Accuracy 


By D. D. Ewi1ne 


While approximately one-half the states have passed laws 
authorizing the creation of public-utilities commissions, many 
of the commissions are as yet in the formative stage and have 
not passed any regulations on watt-hour meter accuracy and 
meter testing. The percentages of error allowed by the com- 
missions of several states are: 


Permissible Error, oa 
Remarks 


State Per Cent. 
Meter must not creep 
as 
New Jersey 4 
Indiana 
Massachusetts ...... 
Wisconsi 4 
Washington 4 


The following requirements, abstracted from the rules of 
the Wisconsin commission, haye been widely copied in other 
states: 


(a) No electric meter which registers upon no load shall 
be placed in service or allowed to remain in service. 


(b) No electric meter shall be placed in service or allowed 
to remain in service, which has an error of registration in 
excess of 4 per cent. on light load, half load or full load. 


(c) Each service meter shall be tested at least once each 
year, the test to be made by comparing the meter while con- 
nected in its place of service, with suitable standards on 
light-load, half-load and full-load rate of operation. 


(ad) Each service meter shall be tested and adjusted for 
accuracy at the time of its installation. 


(e) A complete record shall be kept of all tests made on 
electric meters. 


(f) Each company supplying electrical energy on constant- 
potential systems shall adopt and maintain a standard average 
value of voltage, as measured at any consumer’s cutout, which 
shall remain constant from day to day, and vary during any 
one day by an amount not more than 6 per cent. of the 
minimum value. 


It is interesting to note, in this connection, that the per- 
missible error in gas meters, as defined by the regulations 
of most of the above named states, is only 2 per cent., despite 
the fact that electrical quantities are capable of more precise 
measurement than is the flow of gas. 

The question may be asked: How near do the meters on 
the market conform in accuracy to the requirements of the 
regulations? Manufacturers of direct-current meters usually 
claim that their meters will register within 2 per cent., plus 
or minus, from 5 per cent. of full load to 50 per cent. over- 
load, the meter béing capable of carrying the overload con- 
tinuously. Some makers place the lower load limit at 10 per 
cent. instead of 5. The lower load limit with alternating-cur- 
rent instruments varies from 2 to 5 per cent. of full load 
among the different manufacturers, the accuracy and overload 
limits being the same as for the direct-current meters. 

The initial accuracy, or accuracy >when' new; of most mod- 
ern meters is largely a matter of adjustment. In fact, by care- 
ful adjustment a good meter may be made to give an initial 
registration within 1 per cent., plus or minus, from 2 per cent. 
load to 50 per cent. overload, and a registration within % 


*From a paper read before the Indiana Engineering Society 
at Indianapolis, Jan. 21 to 23. 


per cent. from 10 per cent. load to 50 per cent. overload. Such 
very careful adjustment is hardly a commercial feasibility, 
however, as it would make the first cost of the meter too high. 
Moreover, the maintenance charges would be excessive if such 
a high grade of adjustment were maintained. 

' Most types of meters are fairly accurate when new, but 
permanency of calibration is one of the most important of 
the features that distinguish the good meter from the poor 
one. In the modern meter increase of friction is the factor 
that most often affects the permanency of calibration. Also, 
the variation of the meter friction from instant to instant 
makes it difficult to secure consistent results in light-load 
tests. The effect of increased meter friction is to make the 
meter run slow. With a well designed and constructed meter, 
it is the exception rather than the rule that the percentage 
registration increases as the age of the meter increases. 
While increased friction tends to make the meter run slower 
at all loads, the effect is most marked at light loads. 

Evidently,no power company would careto keep in opera- 
tion a meter in which the friction had increased enough to 
even slightly affect the full-load registration. With meters 
of lower torque ratio than 200 to 1, the errors will be greater, 
other things being equal. However, if a well designed and 
constructed meter is properly installed, the friction does not 
increase very rapidly. 

A comparison of the rules above abstracted with the 
operating characteristics of the meters leads one to believe 
that in general the regulations cover the ground fairly well. 
There are several points, however, that merit further dis- 
cussion. Rule (d) is hardly specific enough and, as it stands, 
is capable of broad interpretation. It does not specifically 
state that the test is to be made either on the consumer’s 
premises, with his load or a load having similar character- 
istics, or elsewhere under conditions approximately similar 
to those on the consumer's premises, and be in service a year 
before the error in calibration was discovered. In rules (b) 
and (c) light load is not defined. If a meter is adjusted so 
that it is registering within the limits of permissible error, 
as fixed by the rule, at 10 per cent. load, the error at 2 or 3 
per cent. load may be anywhere from 5 to 15 per cent. 

The ruling that electric meters may have an allowable 
error of plus or minus 4 per cent. does not seem consistent 
withthe 2 per cent. ruling for gas meters. It seems that 
a ruling allowing the permissible error on 5 per cent. load to 
be 6 per cent., and the error on half and full load to be 2 per 
cent. would be much better. Such a ruling would protect the 
consumer far more than does the straight 4 per cent., be- 
cause with the latter all meters can be adjusted by the power 
¢ompany to be approximately 4 per cent. fast at the higher 
loads, because meters have a tendency to slow down with 
age rather than to speed up. At the same time such a ruling 
‘would not work any particular hardship onthe public-service 
companies because the light-load error pas8és‘the 6 per cent. 
point long before the error at full load would pasS the 2 
per cent. limit. Also, some time would be saved in meter 
testing, because the variable friction of the meter makes it 
difficult to secure consistent results at light loads, and with 
a wider range of permissible error at light load, meters would 
not have to be tested so often. 
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In conclusion, the writer believes the efficiency of the 
commission rules above abstracted would be increased if: 

(1) They specifically stated that meter tests made on the 
customer's premises be made either on the customer’s load or 
a load whose characteristics were known to be approximately 
the same. 

(2) Meter tests made elsewhere than on the customer’s 
premises should be made with the conditions of voltage and 
power factor as near like those existing on the customer's 
premises as is practically possible. 

(3) The light load should be defined as 5 per cent. load. 

(4) The permissible errors should be taken as 6 per cent. 
at 5 per cent. of full load and 2 per cent. at half and full 
load. 


Allowances for Piston Fits* 
By E. W. WrEAvER 


The piston being the part first affected by the impulse of 
the explosion, friction at this point decreases the efficiency 
of the engine to a greater extent proportionately than at any 
point farther on. Therefore, it is of prime importance that 
its fit in the cylinder be the best obtainable and that it be 
sufficiently free to allow for the necessary oil film and for 
slight distortions under heat, yet close enough to prevent 
“piston slap.” 
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The problem is not like that of a solid plunger operating 
in a cylinder of heavy body and under such conditions as to 
insure an unchanging form and permit of copious lubrication. 
Instead, it is that of a comparatively delicate piston work- 
ing in a cylinder with walls as thin as the designer dares 
make them and subject to extreme variations of temperature 
at different points. 

The ideal allowance will be considered apart from that of 
manufacturing tolerances. Some engineers make the piston 
0.001 in. small for each inch of diameter of the cylinder bore. 
The writer prefers to allow from 0.002 to 0.0025 in. for each 
inch of diameter above 2 in. This is shown in the chart. 

As it is impossible to manufacture commercially parts that 
are all exactly alike, due allowance must be made for varia- 
tions. The engine builder has the choice of three methods— 
(1) putting limits on the drawings and holding the inspection 
to such a point that any piston will work in any cylinder; 
(2) sorting and assembling the cylinders and pistons accord- 
ing to size; (3) making all the pistons a closer fit than they 
are expected to run at and lapping them to the proper fit, each 
in its own, cylinder. 

Only,the first method, that of strictly interchangeable pro- 
duction, will be considered. The fixing of the limits to which 
the work is to be done is very important, as it directly affects 
the,cost of the product. The drawing should represent what 
the engineer expects, what the shop will, guarantee and what 
the company is willing to pay for. 

Considering the cylinder first, a permissible variation be- 
tween maximum and minimum size of 0.0015 in. is absolutely 
necessary—0.002 in. is the ordinary allowance—and the cylin- 


_ *From a paper presented at the annual meeting of the 
Society of Automobile Engineers, New York, Jan. 6 and 7. 
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der must not be tapered or “out of round’ to exceed the 
given allowance. A variation of 0.001 in. between the maxi- 
mum and minimum size for the piston is the usual allowance. 
If wider limits are given, more care must be exercised in 
assembling or the quality of the engine will be lowered. 

As the head of the piston is exposed to the intense heat 
of the explosion, it must be made considerably smaller than 
the skirt. The amount is usually fixed at from 0.002 to 0.0025 
in. smaller for each inch in diameter. 

The fit of the piston ring in the groove is another import- 
ant point. The ring must be loose enough to operate freely 
and close enough to prevent gas from leaking past. The 
minimum safe allowance is 0.0005 in., and the tolerances on 
both ring and groove must be given in such a way that this 
allowance is not diminished. The closest limit that is being 
worked to commercially is 0.0005 in. variation between the 
minimum and maximum of both ring and groove width. This 


would be expressed on the drawing as Byrd for the width 
of the groove and “sae for the ring. Allowance must also 
be made between the ends of the piston ring for expansion 
under heat. From 0.006 to 0.015 in. is the usual amount. 

The fit of the pin in the piston is the final point at which 
great care must be exercised, the proper allowance being 
0.001 in. The hole in the piston, being reamed or broached, 
can be held from exact size to 0.0005 in. under size. In the 
case of a 1-in. piston pin, the hole in the piston would be 
dimensioned from 1.000 to 0.9995 in., while the pin would be 
given as 0.9990 to 0.9985 in., thus insuring a minimum allow- 
ance of 0.0005 in. and a maximum allowance of 0.0015 in. 

It should be stated in conclusion that the suggestions in 
this paper apply particularly to water-cooled engines. 


Petroleum Developments 


The world-wide activity in the search for petroleum de- 
posits of commercial importance which characterized the year 
1913 continued unabated during the early part of 1914. During 
the later part of the year, development in proved areas was 
greatly curtailed and exploration work postponed on account 
of the European war and the enormous overproduction of oil 
in the United States and Mexico. 

The following paragraphs are from a statement by John 
D. Northrop, of the United States Geological Survey, discuss- 
ing the petroleum developments in foreign countries in 1914, 
which has just been made public by the Survey. 


NORTH AMERICA 


CANADA—The productive fields of Ontario and New 
Brunswick continued to furnish the declining petroleum out- 
put of the Dominion. Though considerable effort was made 
to extend the boundaries of the productive areas, new pro- 
duction sufficient to offset the decline in older wells was ob- 
tained only in a few places. Good gas wells continue to be 
found in the Tilbury district, Ontario, but attempts to retard 
the declining oil output were unsuccessful. 

MEXICO—Early in 1914 field operations in the oil districts 
of Mexico were very active—more so in the northern fields 
at Panuco and Topila than in the southern fields, where the 
work was interrupted by the belligerent political factions. 
The bringing in of an enormous gusher by the Corona Oil 
Co. (Dutch-Shell) at Panuco on Jan. 11 became the signal for 
a pronounced increase of work in the northern fields, where, 
as in the southern fields, the lack of adequate storage facili- 
ties tended to hamper developments greatly. Work in all 
districts was abruptly curtailed and in many places terminated 
in April. Late in the year the resumpton of local oil consump- 
tion by the Mexican railroads and mining industries served 
to revive activity to some extent. 

Of more than passing interest was the fire which raged 
about the famous Potrero del Llano No. 4 well of the Mexican 
Eagle Oil Co., during the latter part of the year. Seepages 
of oil escaping to the surface after the well had been capped 
were ignited by lightning on Aug. 14, and up to the close of 
the year the fire, though confined to a small area, had defied 
all efforts to extinguish it. 


SOUTH AMERICA 


COLOMBIA—The discovery of petroleum and natural gas 
at Tubara, near the important Caribbean seaport of ‘Barran- 
quilla, indicates the development. of an important oil field in 
close proximity to the Panama Canal. 

BOLIVIA—Geologic investigations have shown the presence 
of a considerable area of prospective oil land south of Sucre, 
and the reported acquisition of petroleum concessions in that 
region indicates that the area will be thoroughly tested. 
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Relative Costs of Steam and 
Hydro-EKlectric Power 


The question of relative efficiency and cost of installation 
and operation of hydro-electric and steam plants brought out 
some marked differences of opinion among experts at the 
recent hearings before the U. S. Senate committee while the 
Ferris water-power bill was under consideration. 

Paul M. Lincoln, president of the American Institute of 
Electrical Engineers, advised that increased efficiency and 
lower unit cost of installation in the steam plant within 
recent years altered the hydro-electric situation materially, 
and that the value of potential water powers had perhaps 
been overrated because of failure to consider this fact. 
“There is much public misconception,” Mr. Lincoln declared, 
“as to the profits of hydro-electric companies, which are 
generally considered as very large because of the idea that 
water power costs nothing and the cost of operation is small, 
while the company’s income is large.” “On the contrary,” 
he stated, “the interest, sinking-fund charges, taxes and 
depreciation on the larger initial cost of water-power instal- 
lations are comparable with the cost of coal in a steam 
station. The invested capital in a water-power plant is so 
much greater than the public realizes that with interest 
charges at not more than 5 or 6 per cent., in a majority of 
cases from 70 to 80 per cent. of a water-power company’s 
income is absorbed. This return to capital is not profit.” 
“When the cost of installation for water-power develop- 
ment amounts to $100 per kilowatt capacity against an instal- 
lation cost of $50 per horsepower for steam,” declared Mr. 
Lincoln, “it is always a serious question whether the steam 
plant is not likely to be more economical and profitable.” 
Several other electrical engineers testified along the same 
lines, urging the discrepancy between steam- and water- 
power installations and the growing efficiency in steam gen- 
eration of power, to such an extent that advocates of the 
water-power bill intimated the possibility of an organized 
effort on the part of the electrical engineers and water-power 
companies to affect the pending legislation by depreciating 
the potential and actual value of water powers in the minds 
of the committee. 

In support of his argument Mr. Lincoln said that engineers 
have claimed it would be cheaper to install a steam plant 
in St. Louis to furnish light and power in that city, than to 
transmit hydro-electric power from the Keokuk dam. An 
auxiliary steam plant, he claimed, could undoubtedly be 
installed in Buffalo to take the peak of the load for that city 
while the Niagara Falls Power Co. carried the main part of 
the load, and the combination would give Buffalo cheaper 
power than is now being furnished by the Niagara Falls 
company. In other words, the cost of the hydro-electric 
installation to carry a high peak is disproportionate to the 
return from this peak. He admitted, however, that, consider- 
ing the entire load factor, the Niagara water power trans- 
mitted to Buffalo was developed cheaper than power could be 
generated there by steam. When questioned about Western 
power development and costs, he suggested that if water- 
power installation cost more than $150 per kilowatt capacity 
in Los Angeles, it would probably be found that steam power 
could compete with it. 

Both O. C. Merrill, chief engineer of the Forest Service, 
and George O. Smith, director of the U. S. Geological Survey, 
attacked the statements of Mr. Lincoln and other engineers 
who testified along the same line. Mr. Merrill declared that 
Mr. Lincoln’s statement that steam and hydro-electric pro- 
duction cost on the average about the same was startling, 
but wholly incorrect, and proceeded to quote figures from 
plants in operation. According to these figures the actual 
switchboard cost of power sold by the New York Edison Co. 
(Waterside No. 2 station) is approximately five mills per kilo- 
watt-hour. This cost includes labor, fuel, supplies and 
repairs. On the basis of power generated, where 24.9 per 
cent. is lost in distribution, the Edison station cost is approxi- 
mately four mills per kilowatt-hour. Fuel and labor costs 
of generation at steam plants in California were quoted as 
0.336c. for Long Beach and 0.372 for Redondo, while the 
generation cost at the Pacific Gas & Electric Co.’s Borel 
hydro-electric plant was only 0.038c., or, with transmission 
cost added, 0.128 cent. 

“On this basis,” declared Mr. Merrill, “it would be as 
profitable to invest $380 per kilowatt capacity for installation 
at the Borel plant, considering the load factors in each 
instance, as to invest $50 per kilowatt capacity at the Long 
Beach steam plant; while the fact that this steam plant 
was being operated on a 20 per cent. load factor and the 
hydro-electric plant at 69 per cent. load factor, justified even 
a larger discrepancy in installation cost.” 
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“In general,” said Mr. Merrill,” hydro-electric installation 
costing eight times as much as steam, instead of three times 
as much, might be considered economical and profitable.” 

Dr. Smith attacked the water-power engineers for having 
made much of the increased efficiency of steam production 
without having mentioned the equal increase in efficiency 
of hydro-electric production. Quoting from a report of Samuel 
Insull, president of the Commonwealth Edison Co., of Chicago, 
he showed that within the last ten years this company, with 
its steam plant, had quadrupled its investment and increased 
its output fifteen-fold. In 1903 a one-dollar investment in 
the Chicago plant yielded 3 kw.-hr., while in 1913 the one- 
dollar investment yielded 10 kw.-hr. Chicago, all steam, now 
shows a per capita consumption of a little over 300 kw.-hr. 
and an average income of a little more than 2c. per kw.-hr., 
while San Francisco, part steam and part hydro-electric, shows 
about the same average consumption, and an average income 
of a little less than 2c. per kw.-hr. 

As compared with the showing of the Chicago steam plant 
of 10 kw.-hr. per dollar of investment, the San Francisco 
plant had shown 6 kw.-hr. to each dollar of investment in 
1911, while the ratio for the Montana Power Co. (all hydro- 
electric), where the average consumption was as large as 
1000 kw.-hr. per capita, was 15 kw.-hr. per dollar of in- 
vestment. 


Undeveloped Power in Eastern 
Rivers 


The rivers of the northeastern and middle eastern por- 
tions of the United States are the best known in the country 
and the earliest in point of development, and their usefulness 
as sources of power and centers of industry has been demon- 
strated for several generations. Nevertheless, it has been 
shown by the work of the United States Geological Survey 
during past years and is demonstrated in one of the reports 
of the Survey that in spite of the long familiarity of manu- 
facturers and industrial men in general with most of these 
rivers, the water resources they afford have not yet been 
appreciated and by no means developed to their fullest ex- 
tent. In fact, there are very few rivers in this great region 
in which the development of water power has come any- 
where near the maximum possible degree of usefulness. 

The report mentioned, “Water-Supply Paper 261,” con- 
tains records of flow during several years of the principal 
rivers in the section referred to, which empty into the At- 
lantic Ocean. In developing a water supply enormous sums 
of money may be uselessly expended unless observations of 
this kind are made throughout the various stages of stream 
flow. 


Water Resources of Connecticut 


The rapid industrial development of this state in recent 
years has given rise to numerous problems relating to water- 
supply. With an annual rainfall of 45 in. both surface and 
ground waters in Connecticut are large in amount, but the 
rainfall is sometimes deficient through periods of several 
weeks or months. Consequently, farmers must endure periods 
of drought, manufacturers must provide against fluctuating 
water power, and congested districts must arrange for ade- 
quate water-supplies. With increasing population conflicts of 
interest arise between water-power users and domestic con- 
sumers, and towns dependent on the same streams. With the 
development of irrigation and drainage another set of inter- 
ests is making demands. 

To meet the present situation and to provide for the future 
the first step in the solution of the water problem is a com- 
prehensive study of the facts as regards both surface and 
underground supplies. How much available water is stored 
in the gravels and sands and bedrock of the state? How much 
does the amount fluctuate with the seasons? What is its 
quality? How may it best be recovered in large or small 
amounts? What is the expense of recovering it? How much 
water may the streams of the state be relied upon to supply? 
How much is polluted? How may the pollution be remedied? 
To what use should each of the various streams be devoted? 
What is the equitable distribution of ground and surface 
waters among the conflicting industries and communities? 

Realizing the importance of such studies to Connecticut, 
the state joined forces with the Federal Government in order 
to carry on the work. In 1911 a coéperative agreement was 
entered into by the United States Geological Survey and the 
Connecticut Geological and Natural History Survey for the 
purpose of obtaining such information. The work in 1911-13 
was done by A. J. Ellis and that in 1914 by H. S. Palmer, 
both of the United States Geological Survey. 
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The five areas first chosen for study represent more or 
less typical geologic conditions in different parts of the 
state. 

Reports, including detailed maps, of the Hartford, Stam- 
ford, Salisbury, Willimantic, Saybrook, and Waterbury areas 
have been completed and will be published at the expense 
of the Federal Government, as water-supply papers for free 
distribution. Similar reports on the Pomperaug and Plain- 
ville areas are in preparation, and tentative plans contem- 
plate covering the other towns in the same manner in order 
to obtain a detailed and authoritative inventory of the 
ground-water resources of the entire state. 


Efficiency and Size of Steam 
Turbines 


At a meeting of the West of Scotland Iron and Steel 
Institute, J. Golder, in a paper on “The Steam Turbine,” said 
that as regards efficiency, the Elberfeld turbine in 1902 gave 
62 per cent. A Chicago machine is guaranteed to give 74 
per cent. A 35,000-kw. turbo set for New York is guaranteed 
to give 75 per cent. efficiency. As regards size of unit, so 
far as the turbine is concerned, there is room for still 
further increase, and 50,000-kw. sets are projected for the 
Greater London scheme; 10,000 kw. is getting quite common. 
A line of advance for which the turbine has long been wait- 
ing is the combination of high power with high speed. Ideal 
conditions for this are found in the case of the direct-coupled 
turbo-compressor, and some remarkable machines have been 
made. 

For example, a Rateau turbine capable of 3000 hp. at 4000 
r.p.m. has been installed in the Midlands. Generator makers, 
realizing the possibility of this compact and cheap prime 
mover, have risen to the occasion, and 3000-kw. at 3000 
r.p.m. Rateau machines have been successfully installed. 
Fraser & Chalmers have built a mixed-pressure turbine nom- 
inally of 2000 kw. at 3000 r.p.m., but as this machine does 
its full load with low-pressure steam, it follows that the 
design is safe for a pure high-pressure turbine of about 
double that capacity. Continental builders are said to have 
made a 6000-kv.-a. set at 3000 r.p.m., and a 20,000-kw. set at 
1000 r.p.m. The Chicago set of 25,000 kw. runs at 750 r.p.m. 
Rateau sets are under contemplation for an output of 15,000 
kw. at 1500 r.p.m. 


Public-Utility Legislation in 
Washington 


Representatives of light and power companies have pre- 
sented their arguments to the joint legislature of the State of 
Washington, favoring a bill which provides that a company 
desiring to found competing power plants must procure certifi- 
cates of necessity from the public-service commission on a 
showing that the company already in the field is unable to 
furnish adequate service or is charging unreasonable rates. 
A further provision legalizes indeterminate franchises subject 
to public-utility commission authority as to rates and service, 
leaving plants subject to municipal purchase as going con- 
cerns by condemnation. Municipalities granting franchises 
retain jurisdiction over original construction of plants or 
systems. If the city and the company are unable to agree 
upon terms in thirty days, the public-service commission is 
empowered to grant the franchise. This power is also con- 
ferred upon the commission in disagreements where one com- 
pany is serving two cities or desires to pass through one not 
served. 

Representatives of the Stone & Webster Corp. addressed 
the body on the proposed bill and urged its adoption, which 
is practically assured. They stated that public service had 
reached a point where it was no longer possible to attract 
the capital needed for further development of power and 
light projects, due to the fact that many franchises are now 
entering upon the last year and the statutes give no security 
in renewals upon which to base future bond issues for exten- 
sions. 

Another argument urged by the light and power men is 
that the state, through the public-service commission, has 
regulated their operation and fixed limitations of how much 
they may earn on such investments, but has provided no 
protection for the companies from irresponsible and ruinous 
competition. They ask the enactment of the pending law as 
a measure of protection to offset restrictions imposed by state 
regulation of rates and service. 
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Model Will Show How Rivers 
Are Measured 


To show the way in which rivers are gaged—that is, how 
the volume of running streams is measured—by the United 
States Geological Survey, the exhibit maintained by the Sur- 
vey at the Panama-Pacific Exposition, in San Francisco, will 
include a display of automatic gages, run by electricity, which 
record the fluctuating heights of water of an artificial river— 
one flowing through a tank. 

The work of measuring the flow of the various streams of 
the United States every day in the year and some of them 
several times a day affords an invaluable basis for the study 
of our water resources. Upon the data thus obtained engi- 
neers depend in working out plans of water-power develop- 
ment, irrigation, drainage—in fact, every project in which 
running water is a factor. 


OBITUARY 


JOHN QUINN 


John Quinn, efficiency engineer of the Mingo Steel Works 
& Furnaces, died on Saturday, Jan. 30, 1915. He was at his 
desk at the usual hour on Saturday morning, but complained 
of a sharp pain in the chest. He left the mill about 11 a.m. 
for his home, and passed away quietly at noon. He is sur- 
vived by the widdw, two sons (Robert S., master mechanic, 
and Herbert L., assistant master mechanic, Mingo Steel 
Works & Furnaces), and four daughters. 


Joun QUINN 


Mr. Quinn was born in Ireland in 1850 and came to this 
country at the age of 20. He worked in a printing office in 
Cleveland for a short time and then entered the employ of 
the Newburgh Furnace, now the American Steel & Wire Co. 
He moved to Mingo Junction, Ohio, in 1882, as chief en- 
gineer of the Junction Iron & Steel Co, and upon the con- 
solidation of the Laughlin Steel Co. and the Junction Iron Co. 
in 1884 he was made master mechanic, holding this position 
through the various changes made in this company until 
1911, when he was made efficiency engineer. 

He was a man of sterling character, high ideals and un- 
questioned ability in his chosen profession. His advice and 
counsel were eagerly sought, not only by the men in his 
employ, but by his superiors. 

Mr. Quinn was actively interested in the religious, char- 
itable, educational, industrial and financial life of the com- 
munity, being president of the board of stewards of the 
M. E. Church, a member of the publishing committee of the 
Pittsburgh “Advocate,” a member of the Ohio Valley Hos- 
pital Association, president of the Board of Education, effi- 
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the First National Bank of Mingo Junction, Ohio. 
In his long association with the Carnegie Steel Co. he 
made many friends among steel men and the allied industries, 
who will learn with regret of his sudden demise, 


PERSONALS 


Francis W. Hoadley, well known to mechanical engineers 
the country over from his long connection with administra- 
tive forces of the American Society of Mechanical Engineers, 
and since connected with the “Engineering Magazine,” “Cas- 
sier’s,” and other publications, has accepted a position upon 
the staff of “Safety Engineering.” 


Clifton Reeves, head of the Reeves-Cubberly Engine Co., of 
Trenton, N. J., has been chosen by Secretary Wilson, of the 
Department of Labor, as a member of the Federal Board of 
Arbitration, for duty in the South. He has gone to Wash- 
ington to receive further instructions and proceed to his ap- 
pointed field. Mr. Reeves’ appointment to this important 
board is the result of his interest and activities in labor mat- 
ters. For 10 years he was secretary of the Employers’ As- 
sociation, during which time he assisted in the adjustment 
of several labor differences. He has resigned his position 
with the association, but will continue with the engine com- 
pany. 


B. F. Grout, consulting engineer, of Pittsburgh, Penn., and 
at one time professor in the School of Mines of the University 
of Minnesota, has recently been engaged by the Minneapolis 
General Electric Co. in connection with the tests of the 
efficiencies of its turbines in the Coon Rapids plant. Mr. 
Grout, in connection with his work at Massena, N. Y., in- 
vestigated very fully what is known as the chemical method 
of measuring the volume of water flow. In this method a 
solution of salt is introduced into the penstock above the 
water wheels, and samples of the water issuing from the 
draft tube’ below give a measure of the quantity of water 
passing through the wheels. Mr. Grout, on Saturday, Jan. 
30, gave a talk on the subject of these chemical tests before 
the Engineers’ Club of Minneapolis, at a dinner held at the 
University Club. 


| ENGINEERING AFFAIRS 


Louisiana Engineering Society—At the annual meeting of 
the Society held Jan. 9, 1915, in New Orleans, the following 
oficers were elected to serve for the ensuing year:' President, 
ka €. Datz; vice-president, Samuel Young; secretary, W. T. 
Hogg; treasurer, E. H. Coleman; director, Ole K. Olsen (to 
serve 3 years). 
holding over are A. T. Dusenbury, W. B. Gregory and W. H. 
Williams. 


Boiler Inspectors—At a recent meeting of the American 
Institute of Steam Boiler Inspectors of New York City, E. 
Haggerty was elected president; J. H. Pollard, secretary; and 
J. Turnbull, vice-president. The annual dinner will be held 
Feb. 20 at Rector’s, Forty-eighth St. and Broadway. Promi- 
nent guests will attend, and with a star toastmaster in 
charge, it is promised that the dinner will eclipse any of 
the previous ones. 


! 
Equitable Dinner—In celebration of the completion of their 


City, about sixty mechanical and electrical material men gave 
a dinner to William Gordon, superintendent of mechanical 
and electrical equipment of the Thompson-Starrett Co., at 
the Hotel Claridge, Friday evening, Feb. 5. The committee 
of arrangements consisted of Paul H. Brangs, of the Heine 
Safety Boiler Co.; who acted as toastmaster and George L. 
Gillon, Vice-president of the National Metal Moldings Co., 
who was master of ceremonies. 


International Engineering Congress—The techni 
of the International Engineering Céngfess at San Francisco, 
Sept. 20-25, is now well assured. From 200 to 250 papers 
and reports, covering all phases of engineering work, will be 
contributed by authors representing some eighteen different 
countries. The Congress will, therefore, be truly international 
in scope and character, although the representation from 
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ciency engineer of the Carnegie Steel Co. and president of the warring. countries will naturally be less than originally 


planned. The papers now rapidly coming in indicate that 
the proceedings will form an important collection of engi- 
neering data and a broad and detailed review of the ,progress 
of engineering, art during the past decade. The Committee 
of Management is inviting all important engineering societies 
to send delegates, and the presence of a considerable body of 
them is well assured. Membership in the Congress, with the 
privilege of purchasing any or all of the volumes of the pro- 
ceedings, is open to all interested in engineering work. For 
full particulars apply to W. A. Cattell, secretary, 417 Foxcroft 
Building, San Francisco, Calif. 


BUSINESS ITEMS 


The Terry Steam Turbine Co., Hartford, Conn., has ap- 
pointed E. Scott representative for the State of Georgia, 
with offices at 702 Candler Bldg. The Pittsburgh office in 
charge of H. A. Rapelye is now located at 1624 Oliver Bldg. 


The Terry Steam Turbine Co., Windsor St. at Windsor 
Ave., Hartford, Conn., is sending out a 64-page bulletin giv- 
ing details on various turbo-pump applications. Anyone in- 
terested in any kind of pumping problem can have a copy 
for the asking. 


The Builders Iron Providence, R. I, has pub- 
lished a new bulletin—No. 142—which contains much inter- 
esting and valuable information on many important water- 
works systems throughout the United States and Canada. It 
is sent free on request. 


The Bruce Macbeth Engine Co., Cleveland, Ohio, has re- 
cently received orders for one 150-hp. natural gas engine 
from the Magnolia Petroleum Co., Fort Worth, Tex.; one 60- 
hp. artificial gas engine direct connected to generator, from 
the Ingersoll-Gaukler Co., Detroit; one 90-hp. natural gas 
engine from the Solar Electric Co., Brookville, Penn.; one 
90-hp. natural gas engine from the Empire Marbie Co.. Cleve- 
land; one 40- — natural gas engine direct connected to gen- 
erator, from the Alhambra Theater, Sandusky, Ohio. 


CONTRACTS TO BE LET 


Bids received until Feb. 25, 1915. 


Water Meters and Machinery 


BUREAU OF ENGINEERING 
DEPARTMENT OF PUBLIC WORKS. 


Chicago, February 3, 1915. 


Sealed proposals will be received by the City of Chicago 
until 11 a.m. Thursday, February 25th, 1915, at Room 406 
City Hall, for manufacturing and delivering to the City of 
Chicago Water Meters, made according to designs prepared 
by the City of Chicago. The following quantities of water 
meters are desired: 

1,500 %-inch meters. 

2,000 -1-inch meters. 

750 1%-inch meters. 
750 2-inch meters. 

The city will furnish detail drawings and one set of pat- 
terns of each meter. The contractor is to turn over to the 
city upon completion of his contract special machinery, tools, 
dies, jigs, etc., used in the manufacture of the meters, ac- 
cording to plans and specifications on file in the office of the 
Department of Public Works of said city, Room 406 City Hall. 

Proposals must be made out upon blanks furnished at 
said office, and be addressed to. said department, indorsed 
“Proposals for Water Meters,” and be accompanied with One 
Thousand Dollars in money or a certified check for the same 
amount on some responsible bank located and doing business 
in the City of Chicago, and made payable to the order of the 
Commissioner of Public Works. 

The Commissioner of Public Works reserves the right to 
reject any or all bids. 

No proposal will be considered unless the party offering 
it shall furnish evidence satisfactory to the Commissioner 
of Public Works of his ability; and that he has the necessary 
facilities, together with sufficient pecuniary resources, to ful- 


‘fill the conditions of the contract and specifications provided 


such contract should be awarded to. him. 
Companies or firms bidding will give the individua! names 
as well as the name of the firm with their address. 


L. E. McGANN, 
Commissioner of Public Works. 
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